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General Objects. — The general object of a Hydrographic Survey ia 
to prodnce siich a chart that every part of n, sea-coast may be at once 
recognized by a stranger, ao that he may without hasitation perceive the 
best manner of approaching or receding — of passing or qmttiog it— of 
maintaiiiing a fit position ¡n the offing — or of entering its ports without 
Ihe aid of a pilot ; and all, iinder every átate of weather, wind, and 
tide. 

Condüioas of a Good Cbart. — To produce a. good chart, much more 
mnet be given than a mere oiitline of the shore with ita general soundings 
and ¡ts off-lyiog dangers : a complete chíu't shonld at one glance convey 
to the eye, not only the relative position of its principal pointa and 
inflesions, but its varjing characíer — whether springing abruptly from 
the eea in precipitous cliffa, or rising in bold accÜTities, or in gentle elopea — 
whether broken into scattered pointa of rock, or throwing itaelf ont ¡n 
salient pronga and ahelving ledges — whether its bays are encumbered 
■with fonl ground, or lined with a amooth open beach — and especially 
whether it is eaaily accesaible, with regvdarly decreasing aoundings, or 
frouted by intricate banks, and unconneeted reefs, wbich to paas through 
or to avoid, i-eqiiire a well-concerted aeries of sea-marka, 

In aueh a chart the extent of tbe shoals, with the limita of the inter- 
vening channela, should be so manifest, the aet of the tides so consistontly 
expreased ; and the directiona ao terae and aimple, that by the rapid 
opening or doaing of the marks, and the fullnesa and aequence of the 
soimdinga, the mariner ahould be able to trace the moTement of his vesael 
in every freeh cast of the lead, and thus to feel hia way with eqiifil deciaion, 
promptitude, and confidence. 
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The topographic portion also of such a ehart sLould Lave acorrespouding 
degree of completeness ; it should contaio not only all the principtd featun» 
which are conspicuouB from the ofiing, but even the sficondary ohjects 
which by their relative situationa may serve to lead forward the eye lo 
thoso that havp beeo selected £or sea-marks. And as it is of importauec 
that those mai'ks should be ínstantly diBcernible, some shght deacriptioii 
niight be advantageously annexed either to theiu or to the objects which 
gerve to point them out ; for instance, suppoae a clump of troea to be the 
cross-mai'k denoting the entrance of some winding channel — the chart 
should tell whether it consista of slender poplars, rigid fira, or of wide- 
spreading oaks ; — agaio, if a church, or temple, or moaque, has it a dome 
oc square tower or pointed spire or minaret ; or ngMn, a series of cliffa 
may duly apj>ear in the chart, yet how satisfactory to have some idea of 
their relative heights, or to learn that certain parta of them are red or 
white, or mossírown, or the atrata vertical, horizontal, or inclined, &c. 

In short, during the whole progresa of a survey, it ahould be ateadily 
iKime in mind, that with whatever skill and labour it may he executed, 
it ¡a only the means to aa eud ; and that its real merit will leas depend 
on the scieoee and taste which have been employed in ita constructiou 
than on the practical utility of ita reaults. Maps and charts may iiidecd 
be mado to convey a very wide rango of Information, if properly compilcd 
and dexterously arranged — ike more necessnry matters bemg madc 
obvious and paíení, and t/ie ot/ters kept in due and relative aubordinu- 
tion ; but what the seaman chiefly wants is a chait exhibiting at one view 
all that may be necesaary for the immediate conduct of his veeael ; nnd 
te have that graphically and perBpicuoualy expreased without iudeciaíon 
or ambiguity ¡ such aa, clear channels, easily seized leading marks, well 
defined ghoala, nnd with the usual anchoragea miLrked. 

Flcldhook. — In the condnet of an extenaive survey ¡t will be found 
convenieut to divide it into certain brnnches, oach of which will nfterwardsí 
have to be separately discui^scd and digeete<l ; bnt the immedíate and 
general receptacle for all ioformation, direct na wetl as incidental, should 
be the Field Book ; and on the quicfc perceplion of appropriate fa«tí'. 
and the assiduity with which they ai'e collected, and entered Ihereín, 
the efficiency of the aurvcy will mainly depend. No explanatory hinls 
should be left to memory, for long intervals of time may elapse before 
some of thoae runniug entriea can he classcd or npplied ; and many smal! 
but valuable ciro uní atan ees, which would othcnvise be forgotteu, may lie 
recorded in the fleld book by a single word, or preserved by the most 
Conciae sketch. 

The immediate committal to 'paper of everything worthy of remark 
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16 a principie that caanot be too strongly upheld, aniI tlierefore eveE 
the method of making these entriea ¡8 a malter of so much importanee 
that, in the very outaet of the survey, oae uniform aystem of notatioa 
should be strietly presuribed to all the assistants, and everything should be 
expressed ¡n plaiti language, or by inteUigible symbols,* so that ií any 
accident should befal tho writer, the fruit of his ohserFation might not be 
lost. If other symbola be employed than thoae ofScially publiahed, a 
difltinct glossary of them should accompany the survey, so that an appeal 
may be made to it at any future period when laid up among the records 
in the Admiralty. Ñor let aoy surveyor be afraid of overloading his 
notc-books : what may appear trivial at one statioa wili often furnish a 
vsluable link at another : eveu a few repetilions can do no harm, and may 
not be without their use in the last stage o£ the worls, when he ia digestlng 
the accumiilatcd masa of materials, and drawing up the deacriptions and 
Sailing Directiona. 

Sarveys in dlfferent parts of the world, and of dlffereut kinds of coasts, 
may require different modes of treatment ¡ but there are certain operatíons 
which. must be involved in all eurveys, and which may be conveniently 
claaaed under the foUowing heada : — 

The Nature ofihe Shore, whether high cliff, low rock, flnt beach, marah, 
or mud bank, should, as a matter of coorae, be diatinctly indicated ; but Sex 
more than thoae leading facts may bo eaaily and uaefully expreased ; for 
instonce, its general elevation and degree of slope, wbether bare or bushy, 
broken or contínuoua, dry or swampy, wlld, cultivated, or planted — in 
short, what may be called the complexión of the land. Convenient landing 
places, the intersection of streams, and on an uncivilized coaat, the cliaracter 
of the nativea ; the materials of the beach, whether sand, gravel, shells, 
Bhingle, or stones, all theae features should be diaplayed according to 
the mode pointed out in the paper of Ahbreviationa accompanjing the 
Admirdty Charts, as well aa many other obvious characteristics, which 
need not be enumerated.f 



Suif, — Tlie usual degree of aurf at dlfferent parta of the shore, the 
«iistance at which it begins to form, and the winds by which it is chiefly 
excited, should he especially mentioned, and further minutely described in 
the Directious. Aa connected with the subject of surf, every faet should 
he coUected which can throw any light on the myaterious cause of the 
periodic GoUerB that are peculiar to certain porta of the globe. 



• See Raper's ingeniouB paper i 
Appeodix V., p. 39. 

t See Arlicle " Topograpfay," pp. 



Symln>U, in " Praclice of Navigation i" alao 
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tffiterinff, Wooding, and Coaling. — All places fit for these operation^i 
will of course be marke*l ; and tbe yurUy of tlie wftter, the kind oE wooil, 
and the i/ua/iVj7 of the coal oh Mcam cual, oa well ae tlie compiiratlre 
fscilities for their embarkutioa, slionlil Ije uddeil in the Directione. 

AUuvial Deposil». — Wherc alluvial depoeítH hare protmded the ihohiLb 
of rívers, and where accumulations of shingle, cand, or m\v\ haie 
advanced tbe Une of the coaet, it will be salisfitctory (o ascertain from the 
inhabitants, or from former charts, ití aiinual rate of pr[igrea§ ; as w-ell an 
to record b/ precise and durable croas-iuarlcs the preeent limit or taiigient 
offluch projection, for the salte of futuri? comparison. 

Appearance of the Land, — Tbe general aapect of ihe couDtry sbould be 
expresíted, that \r, whether barrea or ferlile — whether marked by auj- 
dadded chaage in the vegetatioii, or by the alternatioD of rocky atraía — 
as each point of ¡nterrnption or chango becomcs ao excellent landmark 
fortho navigator. As ít wilt be of great assistance to him to know ibe 
general nppearaace of tbe shore wbich be is aliout to approach for Ihe 
lirst time — so therefore a good chart sbould show all the moiintains and 
billa tbat may be bcbd from the offlng, with whatever conEpicuous objects 
stand upoD their sea face. But aH an erroncous picttire of a coiintr)' 
would be given by exhibiting only the peaks and bigheat points (as ¡f 
it were dnppled with isotated hille,) the ridges of inferior elevation by 
whicb they are connected sbould also be slightly expresseil. 

HeighU of IlilU and Capes. — The heights of remarkable mountains, 
bilis, beadlands, and iülauda sbould be mea-sured, wbcn possible, with 
accuracy ; but always on approximatioii sbould be made tbereto by 
angular altitudes, coirected for the esrth'a curvaturo and for tcrrei^trial 
refraction, or, if nothing bettcr can be tlone, they whoald be estimated 
on the spot ; always noting by wbich mode the beight has been a^cer- 
tained. Throughout tbe wbolo survey these heights sbould be unspar- 
¡Qgly inserted in the drawings as a guide to the engraver ; a due aeleclion 
from them will aftcrwards be placed «pon the charts as helpíng the 
seaman to identify the land, and as alFording a direct and ready means 
of ascertaining ita distanco, 

£very small islet and low rock which just shows its head above water 
shoald likewise bave ite height plaíuly figured on the chart, it beiog a 
great satisfactioii to tbe anxious stranger to know whether he is to look 
out for an object 5 or 50 feet above tlie surfaee." 

Topograpliy, — The topograpby of the adjacent country need seldom 
extend to any great distsnco in-shore ; yet the positiona of villages and 

■ Detacbtd TocliB which sre covererl nt high water, shoald have thcir hcight!< aboee 
ha mater exprcíned ai lirylug so maiij feet. lu n*ing the lerm " roclt nwanh " ¡t flhould 
be deBned wfaether at loo water, half ur tbrec querti-rE (ídc, or ul high n^iier. 
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populouB districts, cliurchee, mosquea, pagodas, forts, large and con- 
spicuoua houaes, and sil remarkabie and peculiar objccts wbich can be 
eeen from seawanl should be inserted ; also, the roads or paths by wbicli 
to commnnícate witli the noarest inland tnwns, and whetber there is a 
railroad or electríc telegraph in tbe vicinity, or likely acón to be.* 

LiffAthouses. — AU lighthouses (and bgbt-vesaels), whether recently 
erected, or long kDown, ehould be minutely described and sketcbed, and 
their positiona accurately ascertained or verified. The character and 
goodneas of the Ught, the intervals of its flashes, its brilliancy, or of its 
re-appearance if revolvisg, intevmittetit (or occulting) ; whether the iUumi- 
oating apparatns be dioptric (relracting), or catoptric (reflecting), and its 
order pr class ; Hkewise the bearings oq which the light is either -riaible 
or obscured, the height of the centre of the lantem above the high 
water of ordinaiy spring lides, or above the mean -watei' leve!, the height 
also of the building from the baee to vane, its form, coloui', or other 
peeuliarity ; in shoit, every particular which can gi\e the eeaman the 
reqaisite informEttion should be stated in the chart.f 

íbff signáis. — The position of fog signáis should also be marlted, the 
nalure o£ the apparatns briefly described, and the distance at which their 
warning sonnds may be reüed upon, nnder varying conditionM of wind and 
weather.j 

JÜuers. — The courses of the reaches of ripera should be laid down bb 
far as the tide extends, or thst the water is salt, or that they are navi- 
gable for vessels of a certain size, or as far a^ the fírst bridge ; their 
varying hreadths should be measured, and noted in yards iu diSerent 
places, and the coraparative streogth of the etreams ascertained before 
and after rains. The average summer level should be recorded, as well 
as the greatest height to which they have been swollen by winter flooda 
or melting snows. If time admita, a line of levéis migbt be nui up from 
the sea so as to determine the fall of the river per raile ; nnd sections 
given at certain intervals of tbe form of the bottom, by whieh. with the 
eorresponding veloclties of the stream, the wbole volume of water poured 
out can he computed. It is obvious that none of these injnnctions wiU 



* To eeonoraise the labour of the draughtsi 
red ; eandy beacheB yellow ; rocks ahmiing- 
black; RuIÜTUted Iimd green. 

f The surveyor's Bttention is furúer apecia. 
Eider Brethren of the Trinitj Honae (1877) on 
Appendix VI,, pp. 4i-í7. 

[In eaae of a new light, or error ¡n deacription of an oíd IJsht (or t 

of a fog Bignal), ic ehould be immediatety reported to tbe Adniátalty, 

1 raaj be mnde in the published Lista of Lighte.] 



tcmis and buildings may be tinted 
I water brawn ; mnd bauks light 



directed to a valuuble letler from tbe 
lii system of lights and buoyage. Sce 
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iipply to rivers whíoh may be suppoaeJ to engender endemic disense, 
or where hostílity with tlie natives miglit be the consequence of too 
prolongad eiamination. 

Soufidings. — Next in importance to the accuracy of the coast-line is 
the precisión and fullness of the aoundings, to which the qufility of the 
bottom should lie invariably annexed ;" for in approaehing the land in foggy 
weftther, the nature of tho gronnd is often aa much a guide as the depth of 
water, sometimea more so.f The importance of sounding is not sufficiently 
considered by young snrveyora ; they should rccognize that thia íb the 
real test of a chart, and tbat other detalla are of Httle valué, unleas the 
seamon is aesured by tbe t^oumlings tbat the land is safe to approach, 

Qualiti/ oflhe BotCom. — There can be little doubt that the aubstances 
ívliieh are apread over the bottom of the sea in the vicinity of laúd are, as a 
general rule, derived from tbe abraaion of the adjacent Bhores, and in some 
caaes they have as evidently been awept there by cúrrente from a cousidei-- 
able diatance, so that it would be raost desirable to endeavour to trace them 
to tbeir respective sourcea. As, for Instance, if scorite or volcanic ashes are 
fonnd in deep water in the niiddle of the Atlantic or lodian or Pacific 
■Ocean, or in the East«rn Seas (aa douhtless they would be if careEully 
searched for), where ¡a the nearest volcano whence they have probably 
•come? or are there grounda for Buspecting submaríne voicanic agencies 
near the spot ? These are no longer inquiriea of only scientific interest, 
but now that submarine electríc telegraph cables ara laid in so many 
directions, they have become questious of great practical importance, 
which the snrveyor is bonnd to ¡nvestigate.J 

Fullness of Soundings. — In a published chart, soundiugs should not be 
overcrowded, for there everything should be so distinctly ai-ranged as to meet 
at once the sailor's hurried cyc, but on an original plan they can scaicely 
be too numeroua — they should show the very form of the bottom, and the 
length and breadth of rU its undulations. In harbonr, ríver, or engineering 
plana on a lai^e scale, tbe soundings should tuYariably be run in cióse 
sections at right angles to the course of the atreana, every sudden irregu- 



* The naiure of the griiund will be found lo ehow iteelf better if the armiog of tbe 
iead be preseryed unlil il ia dry. 

f In neacÍDg the English Channel oa Ihe osnal and best parallel of 4S" SC N., the 
«ame depth of T3 falhoms occurs at Bpots 123 milea sport ; but at the outer depth tfae 
bottom i B "ñae eand," at the iimer i[ ia "ooze," «hích distínctian, ¡a foggy neather, 
is therefore the mañaer'B oaly guide. 

i Bee Appeadlx I., p. 3S, foi valuable notes on thig suhject. 
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larity of depth should be traccd through a!l itó linea of npproach, and each 
insulated knoll or ridge shoulJ be raytd off." 

•In nothing irill tlie skill and dexteríty of Ihe surveyor be more 
advsnttigeouBly displayed than in selzing at once upon jiidiciou» marks 
on the Bhore for the lines of direction that bis boat is to pursue, and tlien 
in selecting two other objects, or one object nearly at right angles to hia 
course, the rapidly changing angle of whích interaecta broadly tho line of 
direction, and tiius determines, with precisión, the positiou of each cast of 
the lead, if necessary. When a narrow <!hannel or bar is to be míniítely 
aounded, or a harlioiir tt> be thoroughly aurreyed, chance will scarcely 
furnish a anfficient niimber of marks at proper intervala and pointing in 
rígbt direction» ; and in snch caaes he must have reconrse to a series of 
small flaga, or other objects, previously fised and numbered. 

Soundmgs to be redaced to Low Water. — Al! soundings ahould be 
made by one uniform system, to represent in all cborts tbe deptbs reduced 
to the low-water leve! of ordinary spring tides j but aa tbe requisite 
corrections for tbeir gradual obangea during tbe operation can only be 
appUed hy the aubsequent conuparison of the work in the boata with 
the simnltaneoiia tidc colnmn shown on tbe tide gauge, tbe place of 
that gauge, and the fidelity of its records, wiU be points of prime inipor- 
tance ¡ the aetting np tlie tide gauge and beginning a series of observations 
sbould tberefore be the first atep in every survey. The watcbea uaed in 
theae operationa ahould be made to agree every moming, and compared 
overy evening. Tbe lead linea shonld be daily measured aftcr being first 
well wetted. The assumed low-water level ahould be always referred to 
Bonie permanent datuin on tbe sbore, wbich hereafter ean be easily recof- 
nised, or to the mean-lide Jevel of the sea, as that is a standard which may 
be always recovered by observatíon, 

The limits to which eqniaoctial and extraordinary ranges of tbe tide have 
been known to reucb sbould always be noted, in order that the stranger 
may not trust too implicitly to tbe deptha marked in tbe chart on the bars 
and sboala, aa reduced to the low-water level of the ordinary springs. 
Information sbould alao be sougbt for from natives or residents i-especting 
irregular tidal pbenomena and the influence of occasional or periodical 
winda. 

Contour Lities. — It contributes mucb to the plainneaa of a chart and 
therefore to the confidence with which aeamen would use it, eapecially 
■when entering a atrange port, to have the limita or contouriu" lines of 

• In Bhallow water, a more certain ¡mplüment Ihan the lead-line will be a long pole, 
gradoaled to feet and inohea, wilh a flattened weight at lioltom lo prevent i» sinfejng 
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certain CJ»iv«nii^nt ileptha traced witb dol?, indiottiog the nnmber of 
fatlionUf between 1 snd 5, accordiog to the luture of the port and the class 
oí vvftf^s likcly to freqaent it; and it will render tlie channek clearer 
íf the 1, 2, and S-^thoms line be lighllj ehaded; on verj steep shorea it 
inay n<:t u» » utiefiil wuming to hn^ve the 10 or 20'&Lthom5 line also marked. 
The 100 fathoms edge^i along coasts ehould ai^ be clearl; gíven. 

In Hhftllow harbours, sny under 5 fathoms deep, the BOundings shoold 
he cxpressed in the chart. in feet ; and it is always to be prominently 
stuted on the dmwing whether the depths are given in l'eet or fathonus. 
In tifhíl pier hurboura, the (untour hnea for each 2 or 3 feet rise of tide 
shoiild Ik) drawn over tho dry banks up to high-water niark. 

Decjt Üoiindiags. — The off-íthore Boundings should be alwítys carried 
ÍDto deep water, and when possihle to the 100 fathoms edge of the bank. 
Whon the boats are away with the surveying parlies, if the ehip be not 
at anchor, she should invañably keep the deep-sea lead going at regalar 
intcrvale of time, or of distance, whatever little expectation ihere may 
be of renching the hottom; and in approaching the land, as well as in 
the Beveral runa which the vessel may have to maka in the course of a 
survcy at a, dietanco from the ehore, no opportuuity should be raissed of 
throwing down the deep-aea lead, The negativa knowledge, conveyed by 
no bottom aoiindinga ín the charts, is next in valué to thut of the actual 
depths ; and, when on her ground, it ahould be the established practice of 
a Burveying veaael, though apparently remote from aoy bank, to have a 
deep cast of tho lead every 10, 20, and 30 miles, aecording to the distance 
from the ahore. This might sometimea le^d to uaeful discoveriea.* 

Dejilh fifthe Ocean. — Although for the ortiinary requirementa of navi- 
gatlon it may be aufficient to carry out linea of aoimdings to the depths of 
loo fathoms, it nuist be kept in view that our knowledge of many branchea 
of physicol scieoee may be advanced by ascertaining the depth, the vaiying 
tempei-atures at succesBÍva depths, and the natura of the bed of the aereral 
ooeana ; as alao that thia knowledge ia a requisite preliminary to the laying 
down a telegraphic cable. Conaistent therefore wilh the duties on which 
the Burveying vessel ia employed, no fapourable opportuuity should be 
ml^sed in making these valuable ohservations. 

At the prosent date (1877) we have a fair general knowledge of ocean 
depths, espocially in the northera portion of the Atlantic, There are, 
híwever, large áreas in which no authentic soundings have been obtained, 
notikbly in the easteru part of the Pacific Ocean betweea the parallels of 

" Thia Ims been cxemplified in a striking münuer hj the iliscoyery witbin (he last few 
yenn oí tho " Josephine " and " Gorríuge " bsiilts in tbc Allanlio Occau ; 250 and 130 
milos rospectivcly from the uenrest shores of l'ortujral. 
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30° N. and 30° S., an.I iu the South Atlantic and Indiau Oceana, wbcre bnt 
few observutiona have been made : aome recorded deptha are retaioiid on 
the charta of thcse seas aa a guide, but they are waiiting in reliabiíity. 

Jndging from the soiindinga already obtained it is improbable thatocean 
depths aoy where exceed 5,000 fathoma ¡ as a general rule the deptlia are 
nnder 3,000 fathoma ; depths in excesa of 3,000 fatlionia have with one or 
two esceptions been alone attained north oE the Eqnator, and it is wortby 
o£ nota that the exceptional deep bolea of abont 4,000 fathoma have 
hitberfo been found uaexpectedly and witbin a short diatance of land.* 

Temperature ofthe Ocean. — ^Whenever a deep sounding ís undertnkeu, 
it should be an invariable rule to attach one or two, deep sea thermomuters 
to the line íd order to obtaia the bottom teraperature. 

A valuable addition to our knowledge ia made, if at the same time 
anotbcr Jine with a thermomet«r attached at eaeh 100 fathoma is lowered 
to say 500, or 1 ,000 f atboraa, Where the temperatnre of the aea decreases 
rapidly, aa in tbe trópica, thermometera should be attadied at, aay, 25 
fathoms or indeed every 10 fatfaoms : but it is undeairable to attach more 
thau six or eight thennometera at one time in case of the line parting. 

tature of Occan. Bottom. — AU apeeimens of the bottom brought up from 
greut depths in any ocean (if frce from groase or other compound) are highly 
valuahle, and should be proserved in strong wide-mouthed small squaro 
glaaa bottlea labelled and registered.t And ít should not be forgotten that 
when accompanied by careful notos of the time of deacent ofeqiial parta 
of the line, they afford together the most direct, and in fact the ooly 
conclusive teatimony to the aucceas of each experiment. 

Tíde¡. — A minute examination of the tiJes, inclnding aJl fhe data by 
which the tide hour or EstahlishmciLt and the tidal range for each port 
may be accuratelj computed, aa well as their local set, tum of stream and 
the extent to which they are influenced by periodic winda, variations of 
barometric pressure, and by freahes or sea currents, is so prominent a part 
of every survey that it need scarcely be ilwelt upon here. 



* Arisíng from this iiacertaiolj of the íeptfa it íb alirays deairable W have n sufficient 
amouBt of liae in readineBS ; 3,000 fathoms in oae unbroken length on a reel, and 
2,000 fallióme aa B reserve to be at haad. Note. — 2,000 fathoms oflioe, with 3 cirt. 
of sinkcrs atlnchcd lo the rud, takcB 30 ijiínuteB to reach the bottom; 3,000 fathoma 
takea 55 miontea, and 4,000 &tbomB 90 minníes. If 4 cwt. of sinkenr in nttnched 4,000 
fathoma of liae tvill reach the bottom ia 70 minuteB. 

The BOnnding Une can generallj- be rccovered at the rate of 2,000 falhoms aa honr. 

■f See aleo Appendix I., p. 32, oa Natore oi Ocean Bottom. 
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The Bubjeet of the tides ha» been discnased in a large and masterly 
loaBner, bj tbe late Sir John Lubbock trná Dr. Whewell, m the Phit. 
Tranii. of the Royal Society, iilso by Shr George Airy the present 
Afltronomer Royal, in an article on Tides and Waves in the Encye, 
Mctrop., and more recently hy Professor Sir WilHom Thomson in several 
reporte to the British Associalion for tbe advftncement of Science [1868— 
70-72] : — it should be the willing duty, therefore, of all officera who 
have it in their power to contribute fresh facta for these important investi- 
gationa. In this résped, as well indeed as for the more certainly 
obtaining the true EstablishmeDt, and also for determining the diumal 
inequality of the tides, the time (mean-timo at place) and height of both 
higb and low water should be as carefalty registered, at niglit, as are the 
observationa made by day for the parpóse of reducing the soundings taken 
in the progresa of the survey; and in all those places which are afTected 
by interposing tides, or whenever tbere is reasoo to npprehend any 
anomalies in the lawa by which they are govemed, the observations should 
be made with increased düigence and accuracy. In some cásea, from the 
sluggish aetion of the tide, for example, in order to oblain the iusfants 
of highest and lowest water, ¡t may be necesaary to regiater the obser- 
vations at succeasive intervalB of five or ten minates botli befare and 
after the CHlminating points, and then to adopt the mean of tbe middle 
times shown by each corresponding pair of heights. The error of the 
watch on mean time at piace should always be given. 

To carry out tbese views with certaicty and consisteucy it will be 
desirahle that thia department of the survey should be aseigned to two 
or three steady peraous, pcrhaps quarter-maslera, who should each eign 
the regiater; and who ahould he taught to feel a pride in the correctneas 
and completeneas of their observations.* 

Tide Síreams. — Beaide the obvious conclusions which wlll have to be 
infeiTed from these observationa, auch aa the periods of higb, and mean, 
and iow water, the progresa of the tide-wave {aa distinguished from the 
tide-stream,) the relative height of the day and night tidca, and the 
effect of freahes on both the heights and times, it will be necesaary to 
determine the varying direclion and forcé of both the flood and ebb 
streamB, in different parís of the port or river and at ita entrance. In 
marking on his chart t¡de-atreama in the offing the Surveyor should be 
careful not to confuae himself by the words "flood" and " ebb atream," 

* Printed fonol, named Begistera -of Hdes, are eapplied to H.M. aurrejing Tewela ; 
Üieae Ibniís d«Ij filled ap ara to be tnuumitted to the Hydrographio Deparlment, 
Admiralt;. 
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3 terma "east" or "west" going streaní, as the case 



Lut rather to ase 1 
may be,* 

Title ffave, — Finallj', the progress of the tidal wave or undulation 
(marked by tíic successive times of liigh wot«r) shoiild be traced along the 
coaat from port to port, and through the modÜicatioDa whicli result from 
prcgecting promontories, deep hays, or lateral channelB, or meeting tidcB, 
all of which influeoce it.f 

In order to have a completa view of all the tidal phenomena, the register 
ehould huve additional columna for the direction and forcé of the wind, 
and for the height of the barometer (at the level of the een), which should 
he noted at each high and low water; a careful analjsis of which would 
probably in a few yeara detemiine the ratio in which the surface-level of 
the sea is añected by the preasure of the atmosphere.í 

[The daüy tides for 24 porta of the United Kingdom, with constants for 
about 200 othei- places, are carefuUy computed io the Hjdrographic Office, 
and annually pubüshed for the benefit o£ the mariner, The time and 
height of high water at full and chauge for upwarda of 3,000 placea on 
the globe are also given, but additional series of corred observations are 
greatly wanted in order to extend theae latter Tablea, and to render them 
more acc arate.] 

Currenls. — The direction and strength of cúrrenla should not be lelt to 

• In the Engliflh Channei, fot example, the castem stream runa up at limes 3 and 4 
houTS after high water b; the shora abreast, and tlic water is felllDg, or it is ebb tide ía 
cbose horbourt, vhile (he eaaiern, or tload stream, as it is called, ¡a still ninning up. 
In ihe same manner iu Ihe Nortli Sea, the north-east going Etream (or ebb as it 
ia calleil) makes to the eístn'ard 2 hours before it ¡a high water ot Dunkerque, 
Oslend, &o. 

■f The surrejor tpust be on hie guard ogainst eonfounding the tide stream and tldc 
irave ; the fbrmer runs up, along the east coast of England for usaniple,at about S miles 
an hour, but the tide nave or undulntion moveB at Che míe of nearly GO miles an hour 
lUong B Btraight eoasl, but mnch more glowlj up a rÍTer uncumbered with shoalit ; ihus 
from Tjnc Bdv to Filcy Brigg. a distancc of about 60 miles of opea coast, the tide nave 
takes onlj 60 minutes, nhereos it takes about the same lime irom T^ne Bar to Newcastle 
bridge, a distanco of culy 10 miles, If, however, a river be free from ahoa1« and 
obstraetioos, the tide n-uve nioves up ít about half as fast as ulong the open coast, as ¡n 
(he Tbaroeífroui theNore to Loodon Bridge, adistance of 41 miles, the tide wave takes 
OQly 88 minutes i ftom Harwich lo Ipawioh, 9 miles, only 30 minutes. The progress of 
the tide waTe may, therefore, be taken as an approiiraate test of the state of a river and 
ita ftcedom from obstruction See the " Directions for Tide Observa lio os," in the 
Adrairalty Manual, by Dr. WheweII ; aud two papera by Caplain Beechey io the Philo- 
sopbical Transactions of 1848 and 1851 (reprinled aAnually in thn A.lmiíaltj Tide 
Tablea), "Oa the Progresa of iho Tidal Wuve up the EngUsh andlíish Channcls." 

X See Appcndií II., p. 33. Inslnictions relating to tidal observationa for the deter- 
mication of (he mean sea-level, as drawn up for theroyage of E.M.S. Challenger by the 
Coiineil oi the Boyal Soeiety in 1972. 
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be merely inferred from the daily errors of the doad reckoning whea 
travereing the ocean, or from the casual set of the boats when employed 
souuding in-ahore, but observatioos should be constantly and systematícally 
mode for the express purpose of forming consistent views on a subject 
necessaiy in every local aurvey, and deeply ¡ntei-esfing wiien eonaidefed oa 
a more esteneive acale. Thia can only be efi'eeted by a great accuniulation 
of data, the colleotioa of wbioh appears to be a dnty peculiarly incumbent 
on surveying véasela when going ont or retiirning from a distant atation. 
In general, the daily error of the reckoning at each following noou baa 
been adopted as the effect of a single current acting throughout the whole 
interval, whereaa it is poseibie that in the 24 honra the ehip may have 
pasaed through different streams, and have been afFected by diíferent 
impulaea. He, therefore, that is desiroua of forming consistent views on a 
aubject of Bueh deep intereat to the aeaman and to modern acieuce mil 
contrive that systematic obaervatioaa for latitude and time by the aun, 
moon, atara, or planeta abould be made at different honra of the day and 
night, taking advantage of the clcar hoiizon an hour before aunriee and 
after aunset, for the expresa purpose of apportioning the wbole error of the 
day'a work into ita moat likely perioda. Theii, and then only, after a due 
conaideration of the probable effecta of bad steerage in tlie different 
watches, of the aetion of the swell and sea upon tbe iee-way, and of the 
gradual but cooatant changea in the variatioa and deviation, wiU bis arrow 
on the current chart be considered of any authority. Such ia the praotice 
in every akilfully conducted voyage. 

It may be alao well to divide the inquiry into distinct qneations. 

1. Wbat ia the local aet and atrength of the current for any 
specific interval ? 

2. Over what extent of apace, and at what seasons, does tbe 
earrent appeav lo have a certain degree of penaanence and regularity ; 
and bow far ia it modified by tbe daily sea and land breeze, or by the 
periodic monsoons, or by the varying iaane ofjlarge rivera in thoae 
changea of aeaaon ? 

3. Tn tbe vicinity of auch rivera doea any undeilow exist ?" 

4. To what distance doea the usual eiirrent extend from the 
coaat, nnd where doea any neutral apace or counter current begin ? 

5. Is tbe general direction of the permanent current parallel to the 
shore, as in the bight of Guinea; or obliqne to it, as along portiona of 
the ceast of South America ? 

6. To what depth do theae cúrrente extend downwards. 



* Tbia muy 1% readily aacertaitieil bj íiukiag a baaket attached to a small float, i 
tried at diferent deplbs. 
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The comparative teiiiperatiires of the ntinoepiíere and tho sen should 
be contioually observeil and marked in ihe log, with apeciul reference 
to tbo ciirrent. It is vecorded tLut a ship croasing from the Cape of 
Good Hope to the Rio de la Plata, waa enabled to foretel the liaily 
error in her latitude, by the incveased wavmth of tlie water if the cnrrent 
was coming from the northward, or by its comparative coolness if a 
etream waa setting up from Cape Horn. Eepeatet! series of such obser- 
vations will ehow uuder wbat círcumstanceB the thermometer may be 
eKpected to indícate the presence of a current. 

The occiiiTence, trend and sine of lields and patchea of Beaweed sbould 
also be noted with the same view, as being moi'e or less aSected in their 
figure by the directioa and veloeity of the current. Wiiere the patchea 
ai'e frequent or of considerable e\teiit, a dccp cast of the lead (aay severa! 
huadred fethoniR), ahould he obtained, aa they may posaibly indícate 
tbe prosimity of banka. 

Ice. — ^As having an important bearing on tbe question of cúrrenla, aa 
«Iso for the aecuiity of navigation in liigher latitudes, the position and 
character of Üoating ice, whether as lields, or detached berga, sbould be 
carefully recorded. 

Submañne Ctirrents. — The consideration of surfaco curíenla will open to 
the inquiring acaman the intereating quealion in acience of submarine 
currents, These curreuts, it in osserted, have becn found of considerable 
atrengch — eveu II- knots, at 130 fathoma below the sui'face. It ia didicult 
to conceive the causes tbat can give a horizontal impulse to a krge zone or 
atratura of water, at any material dupth, so as to preservo it diatinct from 
the water above and beneath, aud to continué to it for any leiigth of time 
an independeut moveineut ; but it ia not the Jess our duty lo contiibute 
our utmost to the aupply of honest and geuuiue observationa, which con 
alone conüi'm or refute that BUpposition.* 

Experiments for thia purpoae will cost but little trouble in com- 
parison with the satisfoclion they will affbrd to the navjgator, or to 
the light they will throw on some of the great operations of nature, 
but then they muat be conducted in aucli a manner as to prcvent all 
uncertaiuty and inerwlulity. Whenever attempted, three, if nut four, 
large current loga (or draga) sbould be sent down at the same time, and 
so buoyed as to be kept at different depths — say at 10, 20, 50, 100 
fathoms or more,— besides one which in all cases should be kept riding 
on the aurfacc ; and it will bo atiU more aatisfactory if two auch esperí- 

• Sao Maarj- on the Physicul GeDf;ra[)by of tho Sea und its Meteoroltigy. London, 
ISfit. lOth Edition, cliap. tÍü. § 103. 
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e time, au<l at tlie distaace of a few miles 



Wavcs. — Aniong tlie otlier usel'iil obeervations which m¡j;lit eiigage 
tho ÍDgBnuity ot' a surveying officer, on hia several passages, may be 
mentioaeil tLe magmtude of tiiG wavea ia those parts of the ocean 
where the sea has an imlimited fetch ; there being i'eason to believe that 
the altitude to which they are Ufted, aa weü as the distance between 
two following ridgea, have been much under eatimated. A good attempt 
may be made to measiire their vertical height by mounting the riggiag 
untü a line from the observer's eye to the horizon becomes a tangent to 
tlie Bummit of the interveniug wave — the veasel being for that moment 
upright, and in the lowest part of the trough between two wavea. 

CoBsort vessels, being nearly in each other'a wake, and knowing their 
actual distance apart, by the elevation of each other's masts, can accurately 
deteimine the breadth of the valiey that separates two of theae hugc 
undulating masaes, The same result may be obtained by towing an object 
astern at a meaaured dialance. 



Vigías. — Thi'oughout every part of her voyage a surveying vessel 
should eadeavour to paas over tbe place of all the reported Vigías which 
lie near her courae either outward or homeward, Many of these are 
circumstantially deacribed by various nautical authoritiee, and are ira- 
dilionally ioaerted in our ocean charla, and from which they ought not 
to be expunged without the moet satisfautory evidence of their non- 
exialence; a day therefore devoted to the aenrcb for any, which will 
uot withdi'aw the vessol too far from her course, will be well employed. 
It is true that pieees of wreck, sleeping whales, shoals of fish, and suuáry 
floutiug Bubatances, may accouut for a large proportion of theao pre- 
tended rocks ; yel, on the other hand, the mighty operationa which are 
pei-petunlly and eilently going ou in Nature'a great laboratory, aod which 
ave oecaaioually manifested by the protruaiou of a real rock above water 
— and again by its withdrawál — should teach na not to be too scepticnl 
os to the former existence or future eonfirmation of some of Ihem. 

Aa it is incredible that in very tieep water any rock should ríse like a 
column perpendicnlai'ly from the bottom, the search must be accompanied 
by somo deep-aea casts, say to 1,000 fathoma at least, in order to strike 
some part of the slope. 

With (he like object in view, the ohservant seaman will keep his eyea 
open to every unusual appearance in the sea — such aa parlial ripplings, 
and, when out of the reach of rivera, to all discoloured water; alao 10 
flocks of birds, or shoala of fiah, aa tbey may poaaibly be indication of 
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aome chaage in the Ddture or deptli of the Ijottom ; and in all such 
cases a de^p-sea caat of tbe lead ahould be obtained. 

Coral Formations. — It is now geiierally accepted by geologiats thiil 
Üie coral iusect, iasteiid of ruising iCs su¡.ieríiU'Uctiire directly from tha 
bottom of the eea, works ouly on the Bummila of aubmai'inu mountaina ; 
eoine of which luiv<: beeu projected upwurde by volcaaic ai^tion ; tlm 
latter accounting for the basin-like form bo geoerally observed in coral 
ialandfl, by supposiDg tbat they reat on the circular lipa of oxtinct craters ; 
that the Eubmerged coafite and islands whicb support tbe coral baoks 
are dow gradually Bubsiding, and tliat these zoophyteB, 'whicb can work 
only near the surface of tbe water, are perpetuallj engaged in keeping 
up their woi'k to tbat level. Careful obseryation niay iherefore detect 
some relative change of level between two neighhouring islands ; but 
theae hypotheaes ure ooly mentioned here aa Lints to a aurveyor employed 
among islands and baya of coral formation, to collect all facta that can 
throw any ligbt on this curioiis subject, 

In coral watera not one danger out of flfty is hidden ; in general all 
coráis or polypa on!y cease their labours on arriving at the surface ; the 
reefs they form are tberefore visible daugers ; and as eacb masa riaes 
almoat perpcndicularly from ita niicleua, the deep-aea lead will aeldom 
indicate the approacb to them. It ia, nevertheleas, deairable to determine 
'wheD praeticable, the aiope of tho formatioo from the bottom to the 
surface. 

Síeasuremettt of a Base. — Maritime surveys being necessarily conflned 
to Barrow alips of coast, little rebanee can be placed on any extenaive 
distances derived from the most careful triangidntion, aa the original errors 
of a ahort and assumed baai. are multiplied by every additional triangle ; 
and to meastire a base of suffitient lengtli witb adequate precisión requires 
time and means generally far bcyond tbe dísposal of any naval aurveyor. 
When the general direction of the aurvey liea nearly in the une of the 
meridian, the distancei maj be effectuallj correoted by accurate latitudes ; 
but if it lie cast and ncst, tbe -lunejoi can depeniL alone for that esaential 
object on tbe difference of lougitude ahown by bis chrouometer. Henee 
tbe neceBsity of hia psying unremiUmg attention to thoge delícate but 
moat important instrumenta. 

On the coaats of tbe Uniled Kingdom, where a trigonométrica! aurvey 
liaa been caiTied over tho country ; in Britbh India ; and in aome of our 
coloniea, where a partió! trigonométrica! survey haa been effected, an 
accurate base can be obtained from tbe land survey ; but on foi-eign 
coasta and for the sbores of the greater part of our colooiea, tbe surveyor 
must truat to bis own reaourcea, when accurate observations for latitude, 
4D8T3. B 
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and carefuUy mensiired nieridiiiQ distances by chronometers will be liis 
mBÍo dependence. In snmil bays, Iiarbours. and rivera, a baae linc may 
occaBÍonally be mesaured by a chain with advantage. At times, the angle 
subtended by tho ship'a mast, or by a board 10 to 12 feet loag as meofared 
hy a. Rocbnnmicrometer, may be advantageously «sedí but tho accuracy oF 
the micrometer must occaBÍonally be tested. For tbe determinatiou of 
short distances the progresa of sound iias been employed; but this mode 
reqiiirea great oare to enaure accurate resulta. 

It ia, howover, possible that in aome of our coloniea, the Burvoyor may 
lie able to meaaure hia own base, and carry on a trian gnlation ; in such 
case tlie greatest eare should be taken in aelecting level groiind, for the 
exact meaaurement of a good base, from which to start tbe triangulation ; 
and as errors accumulate rapídly when the trianglea are ¡11 conditioned, 
the main trianglea ahould aeldom have an angle lesa than 25°, and new 
baaea ahould be meastired every ten or fifteen miles to correct any errors 
that may have crept in. It ia also easential to the con'ectnesa of a aurvey, 
that careful obaervationa for morning and evening azimutha be taken at 
the principal stationa, so that having the true bearing of the cftlculated 
lines of tiie triangulation, and correcting for the convergence of tho 
meridians, the aurveyor may compare the difference of latitude tbus arrived 
at, with the difference of latitude obtained by obaervationg of the sun or 
sfara. But i£ tbe direction of the coast aurveyed lie nearly eaat and weat, 
the correction of tho scale of the ivork, aa already stated, will he best 
effected hy claronometric measurements for diñerenee of longitiide ; and to 
make these wilh the requisite accuracy, the time sliouid invarialilif lir 
obíained by equal altitudes, and the meridian diatances raeasured backwards 
and forwards Beveral timea. 



Chronometers. — The valué of chronometera for meosuring au accurate 
baae wtll impresa on the surveyor the necesaity of hia employing auch 
meana as wHl tend to their correctness — he will placa them where they 
will not be affected by jolts and jars on the neighliouring deeks, or by 
trauflient changesof temperature — he will hed thcm ou cushions of springy 
bunting or horae-haír — he will takc care that nothing surrounds them 
which can coliect damp, and generally will be carei'ul to keep them suffi- 
ciently ventilat^d, perfectly dry, and free from dust — he will handle them 
with caution — he will wind them regularly every day — and, referring all 
observations to them by means of n hack chronometcr (or deck watch), he 
will endeavour to leave them in undisturbed repose.* 



* See AppecdixIIL.pp. 3i, 35, outho Treaimenlof Chronometers; teiogan 
from B Memorándum furtiished with the Chronometers to each of H.M. Sbipi. 
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The dflily Gompansons should be mnde with the greatest. care, by the 
same persou, and at the same hotir, It should be an invariable rule to 
enter the differenco in the joiirniU immediately, so that any accidental 
mistake in the comparieone may at once betray itself. 

Among the many causes oE iiregulai-ity in the ratís of chronometera, it 
has been eonaidered that one may ai-ise from changing the poaition of 
the Steel balance with respect to Ihe reaultant of the varioiía magnetic 
forces of the vessel, and thus affecting the arca of vibration ; it will be 
prudeut, therefore, to g'ive at once to all the chronometers oiie invariable 
pOBÍtion ; eiippoae with the XII. towarda the ship's head. But the chief 
cause oí' irregularity is, most probably, changes of temperature. Every 
means thereíbre should be taken to preserve an equable temperature in 
the chronometer room. A máximum and mínimum thermomcter being 
kept the re and registcred daily. 

Ckroíiomeíer Journal. — Accordiiig to the Admiralty instructioiiB, from 
the day the chronometers are received oo board till they are vetnmed 
to the fioyal Observatory, a complete tabulated journal is required from 
the captain, ahowing their daily comparisons, regiatering the temperature, 
and mentioning every eivcumstance by whit;h they may have been 
infliienced ; but, in additiou to that, i t will be necessary for a aurveying 
officer to record the data fi'om which the mean i-ate has been infeired, 
and the reasouing tbrough which be has been OGCasionalIy induced to 
cbange it; be should insert freiiuent rcmarks on the degree to which 
they have been apparently afiécteíl by esternal circurastances ; and he 
should give copies of the tables which he has computed for intermedíate 
corrections bctween auy two statíons ; in short, everything should be 
told that can bear upon the resalts to which he has aiTived, or that will 
enable bim or others to revise thoae results in case of any future doubts. 

Rafiag Chronometers. — By equal altitudes the ratea of the chrono- 
meters will in general have to be determioed, and those observations will 
weU answer tiíat purpose if made wilh tbe artificial horizon on shore — 
the A.Ji. and p.m. obseTvations tnkpn in the same place by the same eye, 
and with tlic same sextant ¡ — or Troughton's refiecting eircle on a stand 
may be used if preferred.* 



: would iadeed fumlí^li lietter means of dmcnmnmg tlie 
rotes, if the vessel shoulcl be dütnined lonp enongli in nny port lo mate il worth while 
to set up its tent and to adjiísl it with nicetj ; bnt 90 niach accnraoy and caro are 
required in ihe adjustments and obserrations, tiutt onl^s in a fixed obserTator3~. the 
Burvey or vill probably ñad hia own more fomlliar instrumeuta, tbe sextant and htú- 
ficial horixon, prefL'rable and more to be depended on. If, bowever, the survejntT 
should be lodging oo shore, he maj cautríve a eubstitute far the tra 
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Longitude.' — In most cuses the longitudes of the sevcral utationa will 
be relatively deduced by chronometric means from the last well-deter- 
mined poínt or standard position that was visited, Wlien runoing 
meridian distances, it ia desirable that the observationa for the errors of 
the chi'onometers sliould be takeu at both etatíons by the same observer 
and with the same sextant. 

Oppoitunitica occaaionally ofFer of obtaining the meridian distoace 
betweeii two places by the eloctric telegraph : thÍB should invariably be 
taken advantage of-t 

It nmy tiot be out of place to remark here that all comparative observa- 
Uons should be made by the same person, no two persons' eyes or ears 
agreeing exactly in their eatimates of eithev spate ov time ; and so in all 



by insertiag thiee üoe vires, or filumentg of gilk, in the cje-piece of a commoa two-feet 
telescope — screwing it Ermlj bj a clamp to the revval of a «izidov (with a eoutlieni 
aspect if in DOiih latitudp, or vice scrsá), and eb aa to be directed lo aiij bríght 
eqoalorial etsT on, or nillÚD a fw degreea of, Üm meridian. Tbe conversión of the 
siderca! difierenceíi into meao time vill gire bnt litllv tcuuble ; and whtn ihe daily 
chaoge of right ascensión reoders the obsecration of that star inconvemi-ul, the clutip 
ii of coorse to be looseaed and the teleacope fiíed upon sonie otber elar. 

• A Tnble of Seooadary Meridians will be fonnd in the Appendis IV., p. 36. For the 
deflnition uf tbe term " Secondarj Meridians," the Survejor is referrcd lo (he Explana- 
tioD of the Table of Maritime PuBÍtiouB, given in Itaper'a " Practiui of Navigalíon acd 
Nantioal AstroQomy." The careful atady of thÍB article pp, 375-393 iti recommeiided 
to the attentioD of the scientific olEeer. 

-f CiponmstanoeB may ariae in wbich it is necessnrj that the surveyor mnsl avail 
himselfof the tbtíouk phenomena given in the Nuutical Almanac for the pnrpose of 
Terifying the diffcrences of longitude wbich be has broaght íorward, and of eslablish- 
ing a uew standard meridian for the field in vhich he Íe engaged. Ue nill rümembLT 
that eclipses of the san and moon are rare, but moon-calmiuatiDg stars and occalCa^ 
fions are of almost daily occurrence, and, if he is provided with a tolerably good transit 
telescope, Ihe fonner should be perseveringlj observed, as tbey are now generaHy 
Tegislered in all the ñxed obscrraturiee for the purpose of comparíson. Occultutions, 
boweTcr. should not be neglecled ; for thougb they are somewhal laboríous to compule, 
jet if the; take place near Ihe equaloríal región of the mooii they becotae iavaluable, 
and though )he more active duTies of the expedition may prerent theír immedinte 
redactiou, tliey should be carefully observed and oircamstaotially recorded. 

Keitber should the eclipses of Jupiíer'a satellites be neglected, fot though their worth 
entireij depeuds on the powet of the teleacope, yet thej- givc inataot reBulls ; and if 
(in like States of the atmosphete) the same power be employed, and by ihe same 
portón, on rcpeated immersious, a very usoful serles of meridian distances will be 
obtained, with great precisión, and with little tronble. It sometiioeB bappens that both 
tho immersion and the emersión of the fourtb eatellite may be obserred on the same 
aight, and consequeotly under all the above faiourable conditions; in which cose, the 
tntenal being so short Ihat líltle change can have tukea place in tbe ratc of the 
chronomeler, the mean result cannot be fur from the Irulh. But the vahíe of all these 
observations will be doubled if coireaponding ones should haie becn made ai any fiíed 
obserratory. 
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delicate observatioiía the observer should be aware of this souree of error, 
which is Cttlled his personal equation, and earteuvour to correct it. If in 
meridinn altitudes of the sud, for instante, lie sliould suspect that the 
habit of bis eye ia to mate the contaet of tho limba, in the nrttficial 
horizon, too cióse or too opeo, he can effectuaJly neutraljse the error by 
observing the otlier limb on the following day ; but he may do much to 
lesaen it, or at least to ascertain its amount, by repeated observations on 
altérnate days of the upper and lower limlis. 

Mag»etic ObservaiioTis. — These have for their object the determination 
of the amount and direetion of the earth'a magnetic forcé, the elementa of 
which are known as the Variatioo, Dip, and Iiitensity. The progress of 
late years ¡n magnetic science calis forth at the present time the iiecessity 
of employing the moat refined iustramenta and delicate observations to 
meet the roquirements of phüoaophers ; henee ¡t tippearB expedient beforo 
undertaking these observations that a course of inatruction ahould be 
undci^one by those selected for the service, to do full justice to this branch 
of science.* 

There are, however, observations that can be made with ordínary 
instrumenta by every snrveyor, which are of importance to seomen, 
immely. those for the DecUnation, or variation of the compass. This 
«lement ¡a «ndergoing continuous and marked change in varioua parts of 
the world ¡ and on our own shorea especially, where, after a slow and 
gradual progresaian to a máximum devtation from the true meridian (not 
differing more than one degree from a mean valué in oearly half a century), 
it i3 at the preaent lime decreaaing from seven to nine minutes annually, 
and may prohably hereafter exceed that amount, 

The Admiralty Standard, aa also Surveying Azimuth eompaases, afford 
«xcellent reaults for the magnetic variation, but attention is required ¡n 
obaervational detalla to aecui-e good results. For example, the azimuth and 
altitude instniment, or a large theodolit», should be placed in a suitable 
posiiioii and its zero set to some well-deflned terrestrial object, tlie true or 
astronomlcal bearing of which ahould be then accurately determinod. 
Azimiithal anglea may then be measiu'ed from tho zero object to five or six 
well-tlefiíied landmarks equally distributed round the horizon. The azimulíi 
compass beiug now placed in the exact position of the azimuth and altitude 
instrumcat, and its sight vanes directed successively to the sevoi-al land- 
marks rouud the horizon, and their magnetic bearíngs obaerved, the mean 
valué of the several differencea betweeo the niagnetical and astpononiical 



• See Article IV., " Terrestrial Magaetisi 
Boquiry, 4tli eililioD, 1971. 
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boarings shoiili! be taken for the final valué of the compasa v 
recording the observalions for \ariati3n, the instrument, and the date and 
bour, sbonld be appended to eaí.b, in order that by subsoquent determina- 
tiona the valúa of the periodical changea raay be aHeertainetl. 

EBpeeial cure should be bestowed on the selection oE a piare for mabÍDg 
magnetic observationa. GraoltiL and trap locks hav in genfral a miited 
influcnce ou the needle ; buned anchors, gas pipes, an ! other hidden 
maases of iron, or coatiguity to boiises and theii foncealed ironwork iron 
rails covered with brasa, and oven smnll portionH of metal aboul the 
person, aa a ateel waf«h guard, have not unfrequently vitiated or rendered 
useless the earnest labours of some of onr 1 eat ob-*rv£rs 

Should the magnetic variation (or other magnetic element), as deter- 
mined at any station on shore, differ from the estmiated valué opportunities 
of observing around the neighbourhood should not be neglected, la ordcr to 
del«ct and eliniiriate any local influence which may esist, keeping in view 
that the valúes, aa they are preaumed to exist in the adjacent wit rs are 
what aro required by the marÍDer. 

Magnetic Observations afloat. — Azimuths and amplitudes should lie 
frequently obtained, whether at sea or iu port, remembering that as obseí-- 
vationa mtuls aHoat are of little or do vahíe unless corrected for the efiects 
due to the iron oE the ship, the direction of the ahip'a head miist be 
invariably noted. The Admiralty Manual for the Deviations of the 
Compasa, 4th edition, 1874, may on this point be considted with advantage. 

Aa the lines of equal variation are now traeed over the globe, ¡t la 
believed with a cióse approximation to the trutb, and as the woith of 
Information collected in tbis manner ia beooming more apparent to acamen, 
not only for the ordinai-y purpoaes of navigation, hut also to determine 
by comparison the varying error of their eompassea, pains should be 
beatowed in multiplying observations at aea for the variation of the 
compasa, more especially when the traek of the vesael pnsaes through those 
Bpaces where the valúes change rapidly in small intervala. 

AU observations, whether for aseertaining the local deviation oE the 
vessel, or Eor deteimining the magnetic elementa on shore or afloat, should 
be transnúttcd, uHcorrected and in full detail, to the Compasa Department 
of the Admiralty for final diacuasion. 

Finally, it may be obaerved that as no subject can be of greater import- 

* Experience has shown that those obtaiaed by the magnetic aeedlc of llie theodolite 
(a common mode of determining the compaas varíatioD) ure not unírequenlly liable to 
error from a variely pf caiueB ; a comparison of recolta by the severa! Theodolite 
needlee with tbat obtained by the standard campasE shanld therefore be made at an i^arly 
«age nf thesurvey. 
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once to the Qavigator tban the laws which afibct I 
should be pursued with more perseverance. 



i compaes, so nono 



Meteorúlogy. — The Introductiün to tbe Meteorological Kegister and the 
Bpecial artiüle ¡n tbo Admirollj" Munuid oF Scieotific luquiry enter so fuUy 
into the aubject of Meteorology, and the beet inode and times of making 
observations, that it is unnecessary to say more than that all Burveyors 
ehould oarefiUly constilt and comply with the dii-ectione therein given. 

But ae these Instrtictions may chanco to full into the hands of those who 
may not have a copy o£ thoae worka, it may be observad that an exact 
regíater should be kept of the heights of the barometer at its two máxima, 
namely, about 9 a,m, and 9 p.m., and at its two minima, which occiir at 
about 3 a.m. and 3 p.m. ; also of tbo thermometer at the above times, as 
weU ag at its own day and night máximum and minimum, with a view of 
providing authentic data from various parta of the world for the use of 
meteorologista. 

There are likewiae soma occaaiona on which more extended observa- 
tions in th¡3 department of science canaút fail of being useful :— 

1. During the approacb of iha monsoon and other periodic changes 
of wind and wcather, aiid tben hygromotric observations with the dry 
aud wet bullj thermometer should be frequentJy made. 

2. The comparative temperaturcs of the atmosphere and the Bea 
ave asaumed to be daily registered ; hut especial attentioii to these 
observations should be paid when in the regioa o£ the great oceanic 
currents. Here the thermometer should be sent down to certain 
constant depths, auppose to 50 and 100 fathomB, as well as at the 
surface. 

3. IntereHting facts may reault frora tbe comparieon of the direct 
heat of tbe solai' raya, as wcll in high as in low latitudes. Tbe two 
thermomelera for this purpose shuidd he precisely similar in every 
respect, the hall of tbe one should he covered with whíto and the 
other with black kei'seymere ; tbey should be suspended out of the 
reach of any reflected heat from the ahip, and always at the same 
elevatioD. Such ohservatioas are best made out of sight of land^ 
in a variety üf latitudes, aod at diflereat houi-a of tbe day, and evory 
paina taken to rendar them all atrictly similar aad comparative. 

4. Any observations which involve the compariaon of minute differ- 
ences ahould be the mean result of at least thrue reatliagt!, aud shoald 
he as much m posaible the province of the same individual observer. 

5. In some of thoae singularly beavy showei-s which occiir in 
croflsing the Equator, and also at the changes of the monsoona, an 
attempt should be made to meaeure the quaatity of rain that falle in 
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;ivea time. A riide iustrument, if properly placed, will partly 

wer tliat parpóse ; siich as awide superficial painted tuh toreceive 

rain and to deliver it freely iotoapipe, the diaineter of which 

bcaring a certain proportion to the nperture of the tub, wül show on 

an exaggerated scale, the number of inches, and tecths, th&t bave 

ftUleo. 

6. Any brilliant displays of that beautiful phenomenon tlie Aurora, 
1 either nortbern or southern regions, shoutd be mioutely recorded, 
along with the altitude of the poiut of coruscatíoo, or ciie ñame of the 
star near which it occiira, the colour, the compasa bearing of tho prin- 
cipiil luminoiis arch, &c., and the cxaet times of all theao appearances, 
ÍQ. order that they may be compared with the observatiotis of others. 

, Meteorological observations in complete detail ahoiild be made 
on indications of the approach of a revolving storm ; and coDtiauous 
records, especially of barometric cbangea during its continuance aro 
not only useful at the time to the seaman, but are of interest to 
acience. 



^^^B Wiiid and IVeather. — The aboi-e remarks respecting the Meteorological 
Register apply eíjually to wiud and weatiief. In addition to the forcé and 
direction of the wiud, the direetion of the ewell should be recorded when 
it difiera from that of the wind, ns well aa the courae of lofty strata of 
clouda which often raove obliquely to the wind that prevaiU below, and a3 
often m direct opposition to it. This Information ¡a obviously necessary to 
any altcmpt to analyse the distribution and courses of the windfl, and is 
easijy obtained at night by the passage of those clouda across tlie moon or 
stars, or in the day-time acrosa the aun. 

Trade JVinds and Monsoons. — Theperiods of the year and geographic 
limits of the trade winda, monsoona, and raina, and the timea and locflJ 
peculiaritiea of tlie daily sea and land bieezes, will no doiibt be subjecta of 
constaot atiidy and obsfiryatioii to a ;!ealou3 surveyor; for thongh local 
obsei'\'ationa can give only local fesulta, yet still a profusión uf facta 
will be eoUected, and miich genuino information aecui'cd for future 
discuasion.* 

Komenclature. — Distinct ñames to points, islands, shoala, ond rocks 
ore abaolutely neceaaary ¡u a chart in order to render either the log-book, 
the narrative, or the sailing directions intelligible ; and the surveyor should 
therefore lake great paina not only to learn their acknowledged namea, 



■ See Wind aod Current Clmrls fur the aereral Oceana, published by AdminJlj 

tiara]. 
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but to give their correct orthogi-aphy.* H' auoli canuot be obtained, 
tlien let hira frcely give as many new nnmcs as will aoswer the above 
piii'poses, but lie sbould avoid che sillj repetition of popular iiumeíi, which 
so much tends to cooñise our gozetteere and to pei'plex our niemories. 
He ihould heware of nteddUng with ñames airead¿/ eslablished ; — those 
which have been sfaniped upon places by the first discoverer are held 
SRcred by the common consent of all natioua, — and whca new ones 
must be given it would show better taste to mnte the name convey some 
idea of the form or character or productions of the place, or Mjme char- 
act«ristic of its inhabitants, or, stiH better, to adopt tlie nativa ñame, if 
proQounceable, ihan to exhaust the catalogue of pnblic characters aad 
prívate fñends. The offieera and crews indeed may hnve some claim to 
siich a distinction, which, slight as it \i, helpa to excite additíouol interest 
in a laboriouB esploring Toyt^e. 

Daily Projcction of the Dala.—lt shoidd ho au inflexible law that no 
evening should elnpse without roughly projecting aU tho data which 
have bees obtained in the courae of the day. Thia practico is not only of 
ní« in detecting omisaions, aud in more ciearly exhibiting the lino of 
opprotion to be pursued the foUowing day, but where there ia to be an 
extensivB arca to be filled with aounilinga it is abaolutely neeesaary, as the 
beat field-book that can be kept in a boat can ncvci' repreannt in dúo 
proportion the intervals between the linea which have been traversed, and 
from thence arbes tbe unaightiy crowd of figurea in some placea, and tho 
negligent blanfes which too often occur in others. 

Order-Book. — The surveying order-book should contain n t nly a 
general atatement of the work laid out for the cnsuing day, but p ally 
a roogh diagram of tho intended sounding operations, so ihat a 1 offi e 
having copied it, would perceive auy failure of a iieighb ng pa ty 
occasioned by w¡nd or tide, and woald thus be able by a alight overatretch 
of bis own liraits to redeem the defect. Those going farther o5 too, might 



• Orlhograpfiy. — In writing Arabic, Indian, Chinese, Japanese, Malay, Poljnesian, 
aod Africau DanK^s of places ia (he Koman cburacter, it should be aa invariable tule 
to use the English consonants (g being hard as m. get, and subatituling í for c) and 
the BDuad of the towüIk, a9 heard in Italiaa, Spanish, Germán, and other Enropean 
lau^ages, (which aoucdii sre aleo EogÜEh,) as a aad í in raviae, e iu \heie, o id note, 
u in flute, ai for the soand of ¡, ai ia fine, ei as in they, aa fot oii, kh lat the Arabic 
gnttoral, as Íd Khan. Ladakh, &c. Tbe Torintj in spelhng Ibat dow disfigureí even 
«orne of onr best pubtished maps and chartí is far from creditable, 

An acute accent sbould alwaje mark the emphatíc BjUable, as PaUvan aoC PslSvan, 
Aoápab not Aaipah, GalápSgos, aol Galápagos, Tooga-tábu not Tonga-tuba ; otherwiso 
accents, geoerall;, should nol be used. 
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p thoir retura drop Üieir luads aad fill up gapa left by the nearer boats 
thoa perhapa aave the deapatcliing another boat to finiah ofE the work. 



■£ize ofthe Drawings. — There ia too general a dispositíon in ioexpe- 
rienced surveyora to raake their drawiaga on a. very lajge surface composed 
of many onitod aheets of doublü-elepliant papeí-, forgetting that tlie changos 
from dry to damp weatber, or evcn from morniDg to aftemoon, will act 
nnequally on different parta of tlie paper, and will thus distort all their 
Btraigbt lices, and render nugatory all their moat delicate accnracy, 
forgetting also how thoroughly their neat woi'kmanship will be crnmpled 
and destroyed by the nocessity of doubling and reUoubling ihose huge 
sheets when copying for the eagraver. It ia a wiser plan to projeot a 
skeleton of the whole work with all its croaaing anglas and bearinga on a 
small scale, anil then to compute the fiideH of the eecondary tríangles 
included in the grcat chain, so aa to transfer aucccetüve portionato sepárate 
sheets of modérate size on which they caá themselves work with conve- 
nience and freedom, and from which othera can work without doing 
damage. The papec used ahould invaiiably be niounted on linón. 



^^^Hch! 
^^^tho! 



■les of the Charís. — The leading rule with regard to Iha scales of 
charts and plans in every snrvey should be, that they distinctly show 
those minatie of the coast which may he required to be known not only 
for the purposea of navigation, cruizing, and landing, but alao for reference 
hereañer by courta-martial or other authoritiea iu cásea of wreck, &c., 
when the original drafts of the survey have beeome depositad documenta in 
thfl Admii-alty. The scales on which i t may afterwai'ds be expedient to 
publish theiu for the beneflt of the seaman or the geographer depend on a 
variety of circumstances, of which the surveyor can scarcely form aa 
accurate judgment while earrying on the surrey. 

No speeific scales can be here assigned for the projection of all surveya ; 
cach caao must be detíirmined by the chara«ter of the coaat. If sti-aight, 
Bteep, bold, and forbidding, or if it be the sandy edge of an extenaive 
deaert whore no iiihabitants can probably exist, and where un unceasing 
surf deniea all acceas to it by boats, a acale of one inch to a milo or less 
will be sufficieut ; but where prominent Leadlanda and receding bays show 
Ihat shelter may he obtaioed, or where varying soundings stretch off to a 
considerable distanee, or where from a teeming population it ia evident 
that aorae interconrae must take place with the aea, then the scale should 
not be less than two or moro inchea to the mile ; and in plana of ports or 
roadsteads, where numeroua rocks, banka, and other intricacies occur, a 
proportionably larger scale muat be employed, reaching to t>, 12, 18, or 24 
ücbes to a mile ¡ or indeed even larger. 
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Mode qf writing tlir Ñames. — In adding the ñames, miich ndvantago 
■will be derived from placing theni Byateraaticallj' ; tlie clearneas and utiüty 
of a ehart ¡s greutly eubanced hy tlio wríting being well arraugcd. The 
natural and obvious rule wcaild be for all ■writing to Le horizontal ; aod 
when tlie coast or tbe general featnrea ruu cearly nortli anU south, that 
rule may be agreeably foUowed, but, witli oblique or winding, or eust and 
west coaats, such writing often appears conl'iised, aud ila application 
unceitain. A middle course should, therefore, be adopted on a coaat 
■wbich laces tlie north or south. Another littJe nicety is ivortb attentioc : 
the ñames sbould commence nearly at right angles to thc coast, aud tlien 
curve round to the right or left accoi'ding to tho trcnd of the shore. Di£- 
ferent characters, such na capitula, print, italics, &c., should be used 
according to the importance of the place. Test niight be applied to 
aucient ñames. Abbrevialions in certain cases may be admissible, but 
the seoman ehoultl seldom be left to guess at the meamng of ínitioLi. 

It may be thought that too miich has beeu suid on this branch of the 
Bubject, as applying more to the appearanee and beauty of the chart than 
to ita aceurate construction aud practical ntility; but everytliing that 
ought to be expi-essed should be so placed as to prevent aiiy arabigidty, 
aud especially in charta intcuded for the use of the seamaa, who Bometimes 
requires instant iaformation, aud ihei'efore all shouiíl be so written as to 
catch bis eye without consideration or study. All should he clear, distinct 
aod obvious ; the ñames or reraarks near each other shouM have the same 
general direotion ¡ñatead of obliging him to tura the chart in differcnt 
wiiya in order to rcad the neighbouring words ; thcy should be so placed 
as not to confuae tht! soundings or interfere with the channela, marks or 
beaiings ¡ and geiierally worda spread out over a large space, with the 
lettera limping at long intervala after each other, are perplexing. 

Vlews. — GooA charta and plans should bo u<;eonipanied by views ; 
thoae which are to be nttached to chai-ts of a coast should be taken at 
Buch a difitance as will enable a straoger to recognize ihe land, or to steer 
for a certwn point, while those suited to the plan of a port should show 
the marks, either for avoidiog dangers, or for shapíng the course to the 
entrance, or for taking an advantageous berth; bearinga by compass of 
the principal points should alwaya be added, In theae views the 
horizontal aogley of the leading points, and the angular altitudes of the 
principal objects, should be insertcd in degrees and minutes, by whíeh 
means they can be corrected by scale, so as to obviate any want of 
precisión in the eyc of the draftsman, The ñames of poLits in the back- 
ground should be given at the bottom of the views with n reference. 
Such views cauoot be too numerous ; they will well ropay the time beatowed 
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e a great resource in any case of doubt, and when selecteJ ivith 
re exti'emely valuable to the navigator.* 



mu Drawing. — In representiug mountains and LiUe, wliicb in general 
cost 80 arnch Inbour, and are too oflen pnt in from fancy or from memory 
afler the lapse of time, tlie Burvejora are recommended to eraploy very 
open strokes of the pen, as being better adapted to denote the extent and 
direction of the eeveral slopes thaa the brush alone, and if not worked 
up to make a picture, will cost as little or less time, provided the altitudes 
are expresaed in figures; or they may be represented by contour linea ■] 
when an opportunity oflers for measuring them, which can often be readily ] 
done by meana of the aneroid burometer. The in-ahore sides of the hilla. 
■which cannot be aeen from any of the statiocs, must be mere guess-work, 
and therefore are better all omitted. 

Title and brief Memair of Survey. — The tille ahould lie bold and 
simple. It Ehould give the ñames of ali the surveyors and assistants 
employed ou the work. 

As considerable inconveaience has freqnently been felt in preparing 
original charts for pubUcation from a want of knowledge of the system 
adopted in their conatruction, every original eheet or tracing which is sent 
into the Admiralty Hydrographic Office should have the followiug parti- 
culars etated clearty on it, alfording, in short, a brief memoir of every 
survey : — 

1. Is it a triangulateii survey ¡ if so, what length of base waa 
measured, by what meana, and between what pointa ? This base to 
be showD ou the drawing, and the actual true bearing stated, the true 
mei-idian being drawn, where possible, througb ihe obaervation stalion 
from which the trne bearing waa obtained ; also the calculated distanee 
in feet hetween two of the most distant points from which the suale 
has been deduced. If not a triangiilated survey, state the meana by 
which the scalc has been obtained. 

2. The iatitude anil longitude, ou what authority given ; if by the 
suiTejor, átate the iiumber aud nature of the observationa for Iatitude. 
The meridian distanee, where measured from, the number of chro- 
nometers employed, and the intervala hetween the obserrationa for 
ratiCs of the two placea. 

3. The datum or level to which the soundiugs have been reduced, 
referred to aome permanent mark, iiatuT'al or artificial. There may, 
of course, be some cases where this is not neceaaary. 



• In views of distant low land, it is u!ubI to eiaggerate ihe vertical hcight oi 
bot w henever done it Bhonld alwajB be carefolly noted. 
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4. State how the topography has bean obtained, wliether sketched 

on tho ground, or merely from appearance. If copied from any 

<locumeDt, stnta the authority. 

ThesB partifulara, with any other information which will enable au 

opinión lo be formed of the degree of accuracy that has been attained íd 

ench particular case, should be written on any original or tracing which 

may be sent into office. 

Trañngs. — Tracinga of eaeh aheet of the siirvey, when completed, 
tihould be at once made ia order to be ready for any opportunity that may 
oecur for transmilting them to the Admiralty ; this «bould invariably be 
done aC the earlíest occasion, sot only that they may be speedily published 
ÍQv the beneñt of the mariner, but also, íd the event of wreck, tbat the 
work may uot be lost. 

Natural Histort/. — No opportunity shonld be misscd of makiiig coUec- 
tions in Natural History consistently with tUe more immediate dulies 
of the Burvey. It ia probable that the medica! officev of the ship will 
have some kuowledge of this subject, and he ahould be eneoiiraged to 
collect speciniena, have the assistance of a hoat when needed, and apace 
to keep bis collections. Tlie Geotogy of a cotmtry Bhould Le studied by 
all, were it ouly for the due represen tation of the natui'al featurea on the 
chart, as mountains of grnnite, álate, or limeatone usually assume diíferent 
forms : inquiries, too, for minerals and eapecially for coal, should never 
be omittod. In Eotany the more importaut point would be timber for 
ahip bailding and masta, but hardy evergreens suited to our climate, and 
trees producing resin», gums, and planta with medicinal propertiea, &c., 
would be of valué to commerce. In Zoology new or raro forma of animal 
life, inaects, &c., and eapecially submarine researches are ükely to be 
prodactive of much novelty ¡ the dredge frequently put overboard will 
generally bring up something worth keeping. In Ethnography glosaaries 
of little known nativo languages, well setected crania of the aboriginal 
naíivea of Malacca, Borneo, Célebes, and the Aaiatic Archipelago generally, 
would be greatly prized in our muaeuma. On all tliese subjecta full in- 
Btructiona for collecting and preserving will be found in the Admiralty 
Manual of Scientiflc Enquirj already frequently refeiTed to. 

Sailing Directions. — Nautical descriptiona of the places comprised 
within the limita of the aurvey, the aspect of the coast on making the 
land, and clear directions for the ports and dangera, and eapecially for 
recognizing the land by day, at night, or in thick weather, are to be con- 
sidered as one of the most essential parte of every survey. Miacellaneoua 
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Information useful to the seamaii shoidil be likewise inserted, sucli as fto 
acCDunt of places of refuge aller any disaster at sea ; the means of repaJrs, 
as the number nnd dimensions of graving docke, floaldng lift docks, patent 
slips, &a. ; the mode of obtainÍTig pilots wheE required, Ihe best method 
of getting water, wood, coal, and other snpplies, the price of rcfreshments, 
the general resourcea and productions on which vessela muy depend ; the 
defeuces of the place ; and means of comniunicatiotí by roads, railroads, 
or electric telegraph. In high northern or southern ports whether they 
freeze over, and if ao wlien doea the ¡ce form. Commercial atatiBties, as 
the namber and tonnage o£ the arrivala and eailings, and of ships belong- 
ing to the port, the chief exports and importa and their valué, and the 
population of the place ; abo the means for rating chi-onometera by time 
aigaal or othei'wise ; the usual effecta of the climate in the rainy and in 
the dry aeaaous, and noticea of thoae apota which are peculiarly unhealthy ; 
in ahort, all facta that can be uaeful to the sailor or the merchant, 

In the Directions for foi^ign coaata a gloaaary of the nativo ñames 
of the more common topographical terms, as cape, hiU, island, ríver, &c., 
should be given ; together with the points of the eompáSs, in the native 
language. 

In compiüng sailing (¡irections we mnat never forget that we ave 
■writing not only for educated officei's but for aailors, and for the immeiliate 
practicol use of the pilot or seaman, many of whom know little of trae 
bearings. Coursea and bearings, therefore, are invariably to be given by 
compasa. I£ for some special reaaon the true bcaring is required, it may 
be added ; as the bearing of two IJght towera or two beacons, which, seen 
in one, would enable a. ship to ascertain the local deviation of her compass 
in possing. As the variation at a certain date, and its annual change, 
should be given at the beginning of each chapter of the work and on 
every chart, those who require true bearings can easily obtain them. 

In hia inquines od all the above subjecta the surveyor will derive great 
assiatanee from tbe many excellent papera in the Admiralty Manual of 
Scientifio Enquiry, the constant atudy of which cannot be too strongly 
recoraniended. 



Survcying Journal. — Lartly, a constant register, in a book aolely 
devoted to that purpose, should be daily and faithfully kept of tbe whole 
procesa and progresa of the survey, ahowing the methoda that have been 
adopted, the general resulta of the largo triangulation, the points on which 
it was based, and the meaaurement by which it was confirmed, and stating 
the correctiona which from time to time have been introduced from 
auxiliary cbains of tríangleS) from chronometric differencea of longi- 
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tude, or from astronomical observations. This journal, together with the 
field books, the original observations books, the reduction books, the tide 
registers, and the entire series of rough charts or first projections, — all 
these documents having been distinctly ondoraed and dated, — are at the 
conclusión of the siirvey to be depositod in the Hydrographic Office of the 
Admiralty. 

F. J. E. 
Hydrographic Office^ Admiralty, London, 

1 May 1877. 



These Jnsti'uctions werc originally drawn vp hy Captain, afterwards 

Admiral, Sir Francis Beaufort^ K.C.B,, Hydrographer [1828-54]. They 

first appeared in 2^^nt in this general form in 1850. Ilevisions were 

effected in 1858 and also in 1862. The progress of Hydrography has 

rendered revisión again necessary [1877]- 
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APPENDIX I. 

NaTURE OF OcBAN BOTTOII. 

From recect researcheB carrieii out Íq H.M. sbips " Porcupino " aad '■ Challeogür," 
asoLto in thi! Gurmnii thip of nar " Gazelle," and the U.S, nhip " Tnscarcirn," it appear» 
that the deposita on the floor of the ocesn may be classed uader the follovino; hesda : 

IbI. Shore líeppíiti, — Withia a dietance of abont 20tl miles ñ^>m laad the deposita 
partake of the niitnre of the ooast, thua j— -omuud volcaníc islanda the depoaits are graj- 
or bJack in coloar and causist chiefly of pumice, Bcoriai and Tolcimle sand ¡ arouud 
coral islands the deposits are wbite and conaist of tlie detritus of the nciglitiDiiriiig reefs. 
wbilst in the viciait^of land, vhich is not volcauic or coral, the deposita iipü usuall; blue 
or grecn muda aud oouaist chieflf of the detritus of rirers and wasbings i'coin the luiaxt. 
These lattcr eontain frequentl/ some aurftcc shells and díatoms. The green muda are 
, especielly ¡uterestíng, as they genersUj eontain aome benutirnl interual casta of carbonate 
of lime organiama in glnuconite. 

3nd. Globigerma aoíe \i widel; distributed OTer the bed of the ocean. It is of a 
vhite or light brown eolour aud stick}* oature, and consists chieflj of minute globular 
shelle of carbonate of Üme called globigerína. It ia easily Itnown by ita appearaoce 
nnder the microscope and from the faet of its eflérveseing stronglj when iceated with 
dihitebydroehloricacid. Ithaa oecasionally bocn found ftt adepth of 2,800 fathoms, but 
is nloallj porest at 3,000 fathon^s. 

3rd. Pteropad ooze h somewhat similar to globigeriua ooxe, but consists of the shells 
of anímala (Ptecopoda) nhicb can be seen irithaut artificial aid. It also efierresces 
when treat«d with dílute acid, but generally will be found at deptha under 1,200 Eathoms 
wheo there is little or do Innd d¿hris fouad. 

4th. Siatom ooze is of a vhile or rose colour and ia cbiefly cumpoaed of the ailicious 
casta of minute plaiits (Dialonia). It üfferveaces bul elightly, if at all, when treatedwlth 
Boíd, and has hitherto heen foond only ¡o the Antarctic Oceau. 

Sth. Madiolarivi ooze may be vhite or brown in colour, and is oomposed príoeipall; 
of the skeletona of minute animáis (Badiolaria) intormixed occasionally nith a few 
globigerina shells. When bq inlcrmixed it efferreaoes «lightlj with dilute hjdrochloric 
acid, but wben puré it úoea iiot eEferveace. Tbo skeletona of ibese Badiolnria are 
beautíiul objccta under the microscope. Tbis deposit has hillierto been found onlj ia 
tbc middle Hod neatem portions of tbe Pacific at dcpths exeeediog 2,300 ñitboms. 

6th. Red, Graij, or C/iucolule i-lags are widely distributed ovcr the floor tf ihe oceau 
at depths exceeding 2,100 fathoms. The red colour ia due to the pruatnct uf oiide of 
iroa, aud the chocolate colour to peroxide uf manganese. Pumice stoue, mangancse 
nodules, sbark'a teeth and the ear hones of nhales have frequently heen found embedded 
in the clay which doea not effervesce when treated with acid nnleas, which in occasíonallj 
Ü¡B ease, they have s slighl intermixlure uf globigeriua ouze. 

General Remarla. — All oceanic úepositíi eontain small black, red. and yellow magnetic 
particles, but these are niost abundant iu the daya. ¡líhoold the aounding tube come up 
empty, as it does occasionally ihough rarelj, it should be carefuUy examincd on the 
outside for black-brown atrcakü, as these indícate Ihc preaence of oxide of manganeso ut 
the bottom in thc form of nodules or stones too large tbr the tube to bring up. 

Ab it is of imponance tn describe tbc snbstaooes bronght up in Ihe sounding tobe h}* 
terms readily recognixable, and as the foregoing were adopted after much cunsidcration 
by ihe ecientific Etnff of the "Challenger," it is recommended that surycyora emplojetl 
in deep sea aounding ivill endeavour so far aa is practicable to follow tlis nomenclature. 
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APPENDIX II. 

EXTRACTED FROM InSTRUCTIONS, VOTAGE OF H.M.S. CHALLENGER, 1872-6. 

Tidal Observations. — No opportunity of making tidal observations should be lost. 
Careful observations made by aid of a properly placed tide-pole in any part of the 
world will be valuable. Accurate measuremcnts of the sea-level once every hour (best 
every lunar hour, i,e, at intervals of 1^ 2™ of solar time) for a lanar fortnight (the time 
of course being kept) would be very valuable information. 

Bench'tnarks. — In reference to the interesting question of the elevation or subsidence 
of land, it will be very desirable, when sufficient tidal observations can be obtained 
to settle the mean level of the sea, that permanent beach-marks should be established, 
recording the date and height above such mean level. Even recording the height 
to which the tide rose on a certain day and time, would render a comparison possible in 
ñiture years. 

A good determination of the mean level-sea by the simple operation of taking means 
may be made, in less than two days, with even a modérate number of observations 
properly distrihuted 80 as to subdivide both solar and lunar days into not less than three 
equal parts, Suppose, for example, we choose 8-hour intervals, both solar and lunar. 
Take a lunar day at 24** 48" solar time, which is near enougb, and is convenient for 
división ; and choosing any convenient hour for commencement, let the height of 
the water be observed at the following times, reckoned from the commencement : — 

h. m. h. m. h. m. 

8 16 O 

8 16 16 16 24 16 

16 32 24 32 32 32 

The observations may be regarded as forming three groups of three each, the member 
of each group being separated by 8 hours solar or lunar, while one group is separated 
from the next by 8 hours lunar or solar. In the mean of the 9 results the lunar and 
solar semidiumal and diurnal inequalities are all four eliminated. 

Nine is the smallest number of observations which can form a complete series. If 
the solar day be divided into m and the lunar into n equal parts. where m and n must 
both be greater than 2, there will be msi observations in the series ;^ and if either m or n 
be a múltiple of 3, or of a larger number, the whole series may be divided into two or 
more series having no observation in common, and each complete in itself. The 
accuracy of the method can thus be tested, by comparing the means obtained from the 
sepárate sub-series of which the whole is made up. 

Should the ship's stay not permit of the employment of the above method, a very 
fair determination may be made in less than a day, by taking the mean of n observations 
táken at intervals of the nth part of a lunar day, n being greater than 2. Thus if »=3 
these observations require a total interval of time amounting to only 16** 32". The 
theoretical error of this method is very small, and the result thus obtained is 
decidedly to be preferred to the mere mean of the heights at high and low water. 

The mean ievel thus determined is subject to meteorological influences, and it would 
be desirable, should there be an opportunity, to redetermine it at the same place at a 
different time of year. Should a regular series of observations for a fortnight be 
instítuted, it would be superfluous to make an independent determination of thé mean 
sea-level by either of the above methods at the same time. 
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APPENDIX III. 

Oír THE TkeATMENT OF CnRONOMETEKS. 

The injuries snstained by ChronomuterB embarked on board H.M. Bhips haré in- 
ereased cooBidernbly dunog tlie lasl few jears '¡i\ u far grcater ratio than is Aae tu the 
inereafled nuraber now snpplied to ships, and have beoome eo seciona, not only in con- 
BDqnence af tbe expense ¡ncurred by rppalrs abroad, and in many caaes the pecmanent 
danagí? sustaiaed, but alea on accoimt of tbe freqneat incoitrenitnce which muit result 
from the loflH of the secviees of the ¡natmment itself. It appears thoreforo desiralilo to 
direot the attenlion of those io oharge of Chronometera to the subjeot, and lo suggest 
■orne remedy, whicb will obvíale or leseen the eril camplained of. 

[Tbe dami^ has beea fonnd by the Aatronomer Royal generslly to reBult from meted 
balance nprings and othec portionn of tbe works, occasioDed by nioiitnrc, and traoeablo 
in some instances lo direct contact of the Chronometer with nuil water.] 

1. The box or caso containing tbe Chronometera ahoold be placed in a part of the 
ship which is entirelj free from. tbe direot ¡nflnence of salt water, and aa free as possible 
from any eanae ofmoisture, and the bottom oí the case should nerer be permitted to 

2. Any trace of moislure in the inside of the case or on the instrumenl itself, sboald 
be constantly and carefully removed by wiping ivilh a dry cloth. 

3 . It irould be desirable, in moist climates, that the inEidea of the case in which tbe 
Chronometers ere placed should be lined with fcamouglit or baize, and that a covering 
of the same should be spread over the top of them, whioh shonid always be kept 
thoronghlj dried. 

4. The Box Chraaometers shoold on no accoimt be moved ft^m their position either 
foc the purpoac of tafcing observations on ahore or afioat. 

Severa! insUuices have occorred of Chronometers baving arrived at Ihe Eoyal 
Observatocy either niíned or yei^ materiaüy injared from deftctive packing. The 
attention of officerg ig thcrefore directcd to the careful packing and tranamission 
of Chrononietem when sent home for repairs, The foUowing instrnctions on this 
Hubjeet haye accordingly beeu Iraraed by the Aslronomer Royal: — 

I. Take the brass case containing the chronometer ont of its Jimbals, onscrew the 
glass face, and remove the chronometer from its brasa case. Secure the balance 
with two ihin wedgeB of cork placed near to the cfoss bar, between the balance 
and the píate, so as to prevent any moToment of tbe balance. Eeplace the 
chronometer in the brasa case, screw on íIb glass face, but do nol put it again 
in its jímbals. Take ont the screws wbich fií the jimbal ring to the wood boi ; 
wrap the screws, vith their circular bruüa nuts (if any), in paper; aod lay the 
packet at Ihe bottom of the wood box. Place a little EtufEng (such as dry 
oakutu &ee from dnst, or dry paper Khavings free Irom dust, or any otber dry, 
cleau, and Soft material ; wood shavings being sometinies objectionable as hring- 
ing turpBnline and dirt on the packet: lay the jimbal ring|npon the stuffing, 
aceing tbat the screws and nnte (if any) in the jimbal ring, nsed for flxiog tfas 
chronometer to the ring, are screwed home. tlace on the jimbal ring some 
more stofing, tben lay io the brass case containing the chronometer, fínt 
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wrapping a sheet of thin paper round it to prevent contact with the stuffing 
material. Fill the space between the brass case and wood box with stuffing, 
around the brass case, below it, and above it up to the glass lid of the wood box. 

II. Having closed the wooden chronometer box, it is to be placed in a wicker basket 
or hamper, or in a box of partially yielding character, and is to be packed therein 
with abundance of soft stuffing. If there is no wicker basket at hand, or nolhing 
except a wooden box, this box must be surrounded with a large quantity of 
stuffing and inclosed in canvas, so that it can never receive a jarring blow. It 
is of the greatest importance that the outside of the packing case be soft and 
yielding. When a wooden box is used, the lid of the box should be fixed by 
screws. 

in. Two or more chronometers Csecured from injury in their boxes as cxplained in I.) 
may be packed in a yielding case or basket, but all contact between them must 
be prevented by the use of straw or some stuffing material (as mentioned in II.). 

rV. Address the package to the Astronomer Eoyal, Boyal Observatory, Greenwicb. 
in characters distinctly legible, adding the words, " Chronometers, with care," 
the date, and ñame of the ship from which it is sent. When transmitted from 
abroad, add the ñame of the ship or conveyance by which it goes to England. 
When forwarded from an outport, state by which railway, and send by a mail or 
passenger train, but never by a luggage train. A letter of advice being sent to 
the Secretary of the Admiralty (for Hydrographer). 
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APPENDIX IV. 
TABLE OF SECONDARY MERIDIANS 

{from Greenwich), on which the Admiralty Charts now, and for the 
presenta will continué to depend ; with the District for the several 
MeHdians employed. 



SHORES OF ATLANTIC OCEAN, AND NEIGHBOURING SEAS. 
Copenhagen i^Ohservatory) - 



// 



12 34 48 E. Kattegat, Coasts of Norway ; 

Sweden. 
St. Petersburgh (Pulkowa Observatory) 30 19 40 E. Baltic, White, and Black Seas. 



París (^Observatory) - 

Cádiz (^St, Fernando Observatory) 
Malta (Sjpcncer'í JíbnMTOcwí ) - 



Alexandría (^Lighthouse) 
Milo (^Summit of Mount Elias) 
Smjma (^Mill on Daragaz point) 
CoDstantinople (St, Sophia) - 
Madeira, Funchal (British Cónsules 

House) 



Newfoundland, St. John's (Chain Bock 

Battery) 
Halifax, Nova Scotia (Observatory ^ 

Dockyard) 

Boston, United States (Cambridge 

Observatory) 
'H.a.y&na. (Morro Liykthouse)* ' 
Port Royal, Jamaica (Fort Charles)^ - 
St. Thomas (Fort Christian) - 
Rio de Janeiro (Fort Viüegagnon) 
Monte Video (Bat Island) 
Cape of Goüd Hope (Government 

Observatory) 



2 20 9 E. Coasts of France, West coast 

of Italy ; Algería. 
6 12 24 W. Coasts of Spain and Portugal. 
14 31 O E. West coasts of Italy, Greece, 

Sicily; North coast of 
África. 
Egypt and Syría. 
Grecian Archipelago. 



29 51 40 E. 
24 23 8 E. 

27 9 42 E. 

28 58 59 E. 



»> 



» 



Black Sea. 



16 54 45 W. Azores, Canaiy and Cape de 

Verde islands ; West coast 
of África to Femando Po. 

52 40 47 W. Newfoundland and Labrador. 

63 35 10 W. British North America and 

Canadá. 

71 7 39 W. United States ; North America. 

82 22 4 W. - 

76 51 10 W. ^Westlndies. 

64 55 40 W. - 

43 9 O W. "I East coast of South 
56 13 30 W. J America ; Brazil. 

18 28 45 E. South África, Madagascar, 

Seychelles. 



* By Telegraphic d«termination in 1875 from Washington, U.S., 82° 21' 23" W. 
t Ditto ditto ditto 76° 50' 30" W. 
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INDIAN" OCEAN AND RED SEA. 



Zanzíbar (British Consulate) - 
Adeu (JTeleyraph Office) 
Suez ( Telegraph Station) 
Mauritius {Marteüo towerf Cooper /.) 
Bombay (^Observatory) 

Madras (^Observaioty) 
Andaman iBlands, Fort Blair {Chatham 

IsJand) 



o / // 

39 14 22 E.» 
44 58 32 E. 
32 33 13 E. 
57 31 44 E. 
72 48 4 E. 

80 14 19 E. 



Adjacent African Coast. 

Gulf of Aden. 

Red Sea. 

Madagascar — African Coast. 

Fersian Gulf, West Coast of 

India and adjacent sea. 
Bay of Bengal. 



92 43 O E. Andaman Islands. 



JAVA, CHINA, AND JAFAN SEAS. 



Batavia {Observatory) 
Singapore {Fort Fullerton) - 



o / // 

- 106 48 7 E. 

- 103 51 18 E. 



Manila (Catliedral) - - - 120 58 8 E. 

Hong Kong (Ca¿A«€Íra/) - - 114 9 38 E. 

Shanghai {BritishConsulateFlagstaff) 121 28 26 E. 
Nagasaki {Minage Point) - - 129 51 13 E. 

Yokohama (^Hospital Squaré) - 139 38 43 E. 



West coast of Sumatsa, Java 
Sea, Eastern Archipelago. 

Malacca Strait, South part of 
China Sea, Falawan. 

Fhilíppine islands. 

Coasts of China and Japan. 

Yellow Sea and Eorea. 

[• Japan. 



AUSTRALIA, TASMANIA, AND NEW ZEALAND. 



Sydney (^Fort Macquarie)^ - 
Moretón Bay (Cetpe Moretón Light- 

house) 
Cape York {Sextant Rock) 
Fort Es8ÍDgton(>S'i7e ofold Government 

House) 
Swan River {Scotfs Jetty) 
Aá.e\2Í\át (^Snapper point) 
Fort Fhillip (^Melhoume Ohservatory) 
Hobart Town (JPorí Mulgrave) 
New Zealand, Wellington {Pipitea 

point) 



// 



- 151 14 O E. Australia and adjacent islands. 



153 29 O E. 
142 33 18 E. 

132 10 18 E. 
115 45 30 E. 
138 31 O E. 
144 58 42 E. 
147 21 13 E. 



Qneensland. 

Torres Strait and New Guinea. 

North-west coast of Australia. 

West Australia. 

South Australia, 

Victoria. 

Tasmania. 



174 47 53 E. New Zealaud. 



* Must be considered approzimate (1877). 

t By recent detenninations made at Sydney Observatory, Fort Macquarie is considered 
to be in 151° 12' 23*5'' E.; by Electric Telegraph from Melboume Observatory, in 
151° 13' 22'' E. 
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PACIFIC OCEAN. 

o / // 

Levuka, Ovalau (o/<¿ 5cAoo/-Ao«se) - 178 51 * O E. Fiji islands, South-west Pacific 

Ocean. 
Tahiti (^Point Venus extreme) - - 149 29 O W. South-eaat Pacific Ocean. 

Honolulú {King's Cottagé) - - 157 51 O W. North Pacific Ocean. 

Bsquimalt harbour (Duntze Head) - 123 26 45 W. Vancouyer island and British 

Columbia. 
San Francisco (JFort Point Lighthouse, 

south side of entrancé) 122 27 38 W. California. 

Panamá (North-east bastión)* - 79 31 9 W. México and Ecuador. 

Valparaíso (5'ite o/ JPorí entonto) - 7138 O W. West coast of South America. 
Magellan Strait, Sandy point (hoat 

house) 70 53 37 W. Magellan Strait. 



Meridiana adopted in the construction of Foreign Charts, 

Hussia, Sweden, Denmark, Norway, Holland, Austria, and the United States of 
America adopt the Merídian of Greenwich. 

France adopts the Merídian of París, assumed to be in Long. 2° 2(/ 9'\ 4 E. of 
Greenwich. 

Spain adopts the Merídian of San Fernando, Cádiz, assumed to be in Long. 
6° 12' 24'' W. of Greenwich, or 6' 22" E. of oíd Observatory. 

Portugal adopts the Merídian of the Observatory (Lisbon Castle^, assumed to be in 
Long. 9° 7' 31". 8 W. of Greenwich. 

The Pulkowa Observatory of St. Petersburg (sometimes referred to in Bussian 
Charts), is assumed to be in Long. 30° 19' 40" E. of Greenwich. 

The Royal Observatory of Naples (sometimes referred to in Italian Charts), is 
assumed to be in Long. 14° 14' 31". 3 E. of Greenwich. 



* By Telegraphic determinatíon in 1876 from Washington, U.S., 79° 31' 57" W. 
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APPENDIX V. 

Abbreviations adopted in the Admiraxtt Chabts, 

with Explanatory Notes, 



Quality of the Bottom. 



Greneral Abbreviations. 



b. - 


- blue. 


blk. ' 


- black. 


br.- 


- brown. 


brk. 


- broken. 


c. - 


- coarse. 


el. - 


- clay. 


crl. 


- coral. 


d. - 


- dark. 


t - 


- fine. 


g- - 


- gravd. 


g"- 


- green. 


grd. 


- ground. 


gy- 


- gray. 


h. - 


•> hard. 


m. - 


" mttd. 


oys. 


- oysters. 


oz. - 


- ooze. 


peb. 


- pebbles. 


r. - 


m rock. 


rot. 


- rotten. 


s. - 


- sand. 


sft. - 


- 80ft. 


sh. - 


- ahelh. 


spk. 


- speckled 


st - 


- alones. 


Btf. 


- BÜff. 


W. - 


- white. 


wd. 


- weed. 


y- - 


- yellow. 



Alt. - Altitude. 

Ano**»* - Anchorage. 

B. - - Bay. 

B. - - Black. 
(near a buoy.) 



Bat^ 

C. - 
C.G. 

Cath. 

Ch. 

Chan. 

Cheq. 
(near a buoy.) 



Battery. 
Bank. 
Cape. 

Coa^t Guard, 
Caihedrai, 
Church. 
Channel. 
- Chequered. 



Col«» - Coloured. 

Cr. - Creek. 

E.D. - Exiatence doubt- 
ful. 

FlíL* - Floating Light. 

Fms. - Fathoms. 

Ft. - Feetorfoot. 

G. - - -Gtdf. 

G* - - Great. 

H. - - Hovr. 

H** • - Head. 

Ho. - House. 

H' - Harbour, 

H.S. - Horizontal 
(near a buoy.) stripes. 



H.W. - 
H.W.F. r 

&C. I 

I. - 
I- - 

En. 
L. - 
Lat. 

Long. - 
L* - 



High Water. 

High Water 
Full^ Change. 

Island. 

Islands. 

Knota. 

Lake. 

Latitude. 

Longitude, 

Light. 



L'F. 
L^Fl. 
L» Int. 
L' Occ. 
U Rev. 
L.W. 
Mag* 
Mag<= 
Min. 



» 



Fixed. 



» 



f» 



„ Flashing» 

Intermittent 

Occulting. 

ff Revolving, 

Low Water, 

Magazine. 

Magnetic. 

Minutes, 
(near a light.) 

M* - - Mountain, 

Np. - Neaps, 

Obfli^Spot. Observation 
Spot + 

P. - - Port, 

P.D. - Position doubt- 

ful. 
P". - Peak. 

P' - - Point. 

R, - - Biver. 

R. - - Red. 
(near a buoy.) 

R'- - Beef. 

Rk- - Bock. 

S"* - - Sound. 

Sec. - Seconds, 
(near a light.) 

Sh. • - Shoal. 

Sp. - Springa. 

Str, - Strait. 

Tel. - Telegraph, 

Var" - Variation. 

Vil. - Village. 

Vis. - Viaible» 
(near a light.) 

V. S. - Vertical Stripea, 

W. - White. 

(near a buoy.) 

W.P1. - Watering Place, 



All charts and plana are, where practicable, constructed upon the trae merídian, i,e,, 
the east and the west marginal Unes are drawn parallel to the trae meridian. 

(continued) 
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Soundings are reduced to mean low water oí ordinary Spring tides, and are expressed 
in fathoms (of 6 feet) and fractions of a fathom, or in feet and fractions of a foot^ 
such being denoted in the title of the Chart. 

The underlined figures on the dry banks represent in feet or fathoms the depth of 
water over them at High Water, or the heights of the banks above Low Water. The 
method adopted is explained in the Title of the Chart. 

The Velocity of Tide is expressed in knots and fractions of a knot. The Period of 
the Tide being shown thus : Istqr., 2nd qr., 3rd qr., 4th qr. for Ist, 2nd, 3rd, and 4th 
quarters. 

The Riseot Tide is measured from the mean Low Water level of Ordinary Springs. 
The Range of Tide is measured from the Low Water of one tide to the High Water of 
the foUowing tide; 

AU heights are given in feet above High Water Ordinary Springs, and in places 
where there is no tide, above the level of the sea. fExceptions to this general rule are 
stated on the title of the chart.] 

All bearings, including the direction of winds and currents, are magnefic, except 
when otherwise expressed. Bearings of lights are given as seen from seaward, and not 
from the lights. 

The natural scale, or the proportion which the Chart scalebears to the earth (obtained 
by reducing the number of feet in the minute of latitude to inches, and dividing the 
product by the scale), is represented thus yyjTTy. 

A cable's length is assumed to be the lOth part of a sea mile, or equal to 100 
fathoms. 



Soundings upon Foreign Charla are expressed thtis : — 

Danish and Norwegian Fathom (Favn) =6*175 English feet, or 1 * 029 English fathoms. 

(Vadem) =5-575 

(Brasse) =5*329 

Métre (MMre) «3*281 

Fathom (Braca) =6*004 

(Faden) =5*906 

(CaatCHb) =6*000 

(Braza) « 5*492 
(Famn) «5-843 

The Dutch JElle^ the Spanish, Portuguese, and Italian Metro and also the French Métre 
are idéntica). 



Dutch 


» 


French 




Portuguese 


Met 
Fath 


Prussian 


» 


Russian 


f» 


Spanish 


tf 


Swedish 


» 



» 


» 


0*929 




M 


9* 


>f 


0*888 

• 






>» 


f* 


0-547 






» 


M 


1*000 






>» 


» 


0*984 


99 


# 


»> 


)f 


1-000 






»> 


yt 


0*915 






»> 


tf 


0*974 




• 



HTDKOGHAPniC SURVEYOBS OF THE ADMIII.ALTT. 



APPESDIS VI. 

Trinity Ilouse, Lünilon, E.C., 
SiB, I5l!i Febrnary 1S77. 

1n reply to yoor reqneat Ihat the memorándum of the Trinily Hoiisc sjstem of 
ligbW and buoyage printed for usa of the íurveyiug offlcers of Hec Majesty'e Kavy 
«hoold be r«vÍ9eit to include the progresa made since the jear 1867, 1 bave the p1«asnre 
to traosmit )o you, by direction of the Eider Brethren, the fóllowing partiouUrs in 
subatitution of the letter fmm this House dated Januury 1868. 

There are two Bjalems of lightingin general nse, (1) the eatoptric. or reflectiiig 
EjrstGm, and (j) the diopErie, or refracting one. The cntnptrie ts usuallj' prodaced by 
an argand bamer Bhowu iu the focas of a paraboloidal silvered metal reflector, laiy 
□tunber of which can be pbiced on the same plañe (aiibject to the bÍzc of tbe reoeiving 
lanlem). In the dioptric sysCeiiL the light is from one centrul lamp ¡n the focu9 of a 
surrounding ghisB refractor, by wbioh olí the rays enionating from the bríghCest parta of 
ibc flame, and eonsequenlly best suited for the purpose, are aent nearly horizontallj, 
and only on to the snrfnce of the sea. Cotabinations of the tno, by the ase of npper 
and lower reflecting ¡irísme (eatadioptne), or by reflectora to reCnm the ligbt uot 
ivantud shoreward and project it forward for refraction vitb the rcst (bolophotal), are 
also in use ; and irhere the maiii light Ib verj poveiüil it ia poEsible to convey the 
landvard portion of it (by reflection) to a lover wiudow, lo coveí local dangera, aa is 
done wilh the electric light bI Soitter Poiui, and wilh the fimt clnss dioptric at the 
Stort. Bofh eyslems admil (thoogh not wíth equal liitility) af liglils heiog shown 
eitbcr as fiíed, occulciug, revolving, flashiiig. or group-fluahiog, and are clsBeed Itl of 
various orders, determineil in the cntoptric by the numbcr of Inraps nnd reflectora, and 
in the dioptric by the aize of the ¡natrument and of tlie contra] flame. Tho illnniinant 
cummon to bolh in England ia oil (eillier eolia or parafliu), or gas ; bm abroad olive, 
cocoa-not, or laid oil can be used wben more convenient. 

The electric llgbl which ¡s now in uso ai aeTeral Eogliab atatioDa — Sonter, South 
Forelend, and (ebortly) Lizard — belongs to the dinplrii; íiyatem, for which ita conceu- 
trated light at a true focal point mukea it admirably suitable. 

Id a catoptrio revulTing light, aoven reflectora on each ot ihe three faces are nsiial, 
bat there are ten on eaob üce at Cromer, Beachy Head, and Scilly. This syalem ia to 
be preíerred (as requiríng leaa care and intelligence in ereotion) where akilled labonr 
is not obtainable, and (aa being lesa liable to be pnt out of adjustmenl) at ahore stationa 
where there is a liahility to Tolcanic diaturbanee, and for the aamc reason on all 
floating structurea. Tho reflectora are either 12 or 21 inchea, and tho bumers of 
the lamp ¿Ihs of an incb in diameter. The flame ahouid he maintained at a height of 
1¿ inch, to produce which it ¡a only neceasary to ensure a Bnffloienl draoght, and 
occasionally lo remoTe the ohar from the wicli. 

Dioptric lighls vary in the siie of lamp and apporalnR, and are numbered from 1 to S. 
The Grat, second, and third ordera are used fór coasl illiimioBlions, Ihe smaller enea al 
the entranee of harbours, or Da lower leadiog light». For a fixcd light, the dioplrie 
metbod poasessea greal artíaolagea, the observer being always in reeeípt of its fliU 
power, and it admita of a abarper cut whera aector» of eoloured light are used fot 
marking channela or outljing dangera, The eoloured seotors are produoed by phicitig 
colonred glasa vertically ¡naide tbe glazing of the lantem. The lamp for such an appa- 
■ ■ c wickfl, according to the order of Ihe light. 
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aud cyHnders witíi ogue shoulders are fouod to be the hest. The dioptric lamp íb Bome- 
time» hydroBtatic upoa the principio of grayitatioo, and eometimes on tte preaaure 
principie, wbicb íb aelf-contaiued with its reservoir nndec tlie biimer. The sume lamp 
can be adjuBted Cor tbe consumptiaii af eitber mineroil, vegetable, or animal oil, the 
reealt as to intanBÍty of ligbt ¡s abont equa!, tbs question bsing one Bolely of 
eipense, A tboroaghlj good and well managed flrst order 6-iiich. lamp sbould, with 
the best oU, give a flame 3jr to 4 inches lin heiglit for 16 hours without trimming ; and 
eitingulshing half tlio number of tba wieka (tha inuer onee), au airücgeraent foiind lo 
be adeqante in elear weather, economiaes the oil in proportion, leaving the focal poiots 
the same ; and vhea [he lena itself is in perfcct adjuBtmeot it ia on tbe focuasing of Ibe 
flame, and its mainteuanca in a campnot and perfect body at its ful! heighl, that efficiency 
dependa, Thelensadjostmentia easily featcdhju, amall inslrumenl called a fooimeter, 
whit!h,witb instructioaa for its qbu, can be had oí Mr. Ladd, of Beak Street, Eegeiit Street, 
who niade them fot Faradaj, The top of the bnrner sbould alwaya be fcept perfectly 
level, and at a proper dislance below tbe boriiontal focal flame, thns eaauring that the 
tbickest portion of the bodj of the flanje sbould bu given to the lena ; bnt this may be 
ratherdeereaaedwhen the elevationof tbe ligbt above tbe aea ig considerablo, or the 
brightest ray may bo thtown above, instead of on or within the hucizon. 

Gas is in use al one of the English statione, Haiabro', the upper light being at 
present lit by it, and the lower one being in oonrse of litting for it. Tbe metbod of 
nsing gas ia by large bnmecs, 6 to 12 incbea iu dlameter, eacb having 28 to 1Ü8 
jeta, and in thiok weather tbree, or eyen fouc, of tbe^e caá be placed one above 
the other (and tiere is on arrangemcnt for prodncing ecouomically Ihe effect of occnlta^ 
tion or intemiittence by temporarily sbntting oET the gas) ; bul tbongh capable of being 
fittod into dioptric apparatna, mnoh of the light of these large bumers is ex-focal to 
Üie largest lena jet made. 

The subjoined Table (A.) will s^owtherelatívcvalueof the variouB illuminants as com- 
bined with apparatus, and how cloaely efficiency is dependen! on tbe proper combinatioo 
of the ligbt with Ihe instrument naed foc determining its direction and diatribntioii. 

As respecte tbe distiuetive character of lip;hla, the normal type may be taken lo ha 
lised white, with tbe spccial advantags, wben dioptric, of affording a aharp ont if 
wanted (wbicb cannot bp obtaiucd with a revolving ligbt), and with the drawback of 
re!atí*e weakness in power, and of eonfnsion with ridíug lights or ítatiouaij lighls on 
Bbore. To ensarc diatinotioD, a metbod of intermfttence or occultation is applied at 
Boruham, and at Si. TudwaI both lo the niain white light and to two coloured sootors. 
TheBeareineffectlhereverseof revolving lights ¡ in whioh the period uf visibility ts short 
and that of the darkness long i bnt in the inlermittent or ocoulting light, the light ia long 
and the eclipae of it short Moreover, in these lights, Ihe light ihough normally weak, 
¡3 al ila máximum thruugbuat, und the intcrvening darknesB is lutal ; in a. revolving light 
there íb waiing and waaing, as Ihe beam, paclted (ao to speafc) by tbe aclion of the 
annularcinga, approaehesaodrecedeafi^omthoeye, and the place of iba light is indicated 
daiing the intervals of witbdrawai, lo a near observer, by the refleclions in the; lantern. 

As reapectB Ihe temu " oecalting " and " iolorniittent " tbe Eider Brethren would be 
dispoaed lo regard tbem ua praotically interobangeabie, bul areqnite prepared,in aceurd- 
ance with a snggestion of yourown.lo applyocculting where the peculiarityis presenled 
rapidly, the inlerval of uuiulecrupted light being under 30 seeonds, aud ¡ntermiltent 
whcQ the intecvnl of ligbt is 3ü aeconda or more helween tbe eclipaea. 

The fiill beam of a revolving light can havc from eight lo 13 times Ihe slrength 
flf the esed or ocoulüng one. Wiüi revolving ligbta it has of late been conüdered 
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expedient tba.t Ihe lí^ht abould not be absect from the obserror's eje ior too loQg a time, 
and there ín now qu light oa tlie Englisb scaboard that is wicbdrami fdr moro than IOS 
BecoQÚs (two minuti-s üme — 15 Beuonils flash, 1*45 dacknesB), wbilat same repeat the 
floEbes aa qoickly aa everj 10 aeconda. 

A uew method of diatiiietiou is aow being resorted to, both dioplrieally on ahore, and 
cataptricallf ofloat, as at the Itojal Sovecelgn ahoal, and, noír pri^pacinfr, the North 
Saiid Heod (Gooilniu). and Newarp, aad on «hore at the Caaketa. Thia is kuDwa aa 
"group-flashing," itnd oansists of two ur thceis flashes followiag eaoh othcr aa qnioldy as 
dae Beparatíon allowa ¡ the Femainder of the mínate, or half-miniife, dividiog the group 
of flashes by a longer ioterral of eclipne. 

¿Iteruations of ted and vhite, aa at Fiambro', Wol^ aud Uartland, haré also beeu 
employcd for djatinctioii, and io these coaea b; a gpecutl airongument of the lensea and 
piiams, the red, 'wbich io its normal átate does not penétrate or travel fio far as the irhite, 
has been ¡ntensiEed (at the whíte's expense) to on equality with it. Green haa also 
' been used at the Inner Dowsing, Kast OoodwtD, and Mouae, irith snccess at the cam- 
liaratively short muges thero necessaiy, but a!l colour haa the defect of lowering the 
penetrative power of the lighC to an extent whieh makea its uie a matter of considerable 
diecretion. 

The colour of the lighthouse itself, with Its adjacent buildioga, has hIbo to bo coq- 
aidered os an element of ita viaibility fur u day niark, in cclatioa to baok gtounds, 
and it haa been foimd well to eoloiu^ the lack lighthonses and those on low lying poiata 
led Bod vhite !□ horizontal banda, to distinguiah them at a diatoni»! from Tessels under 
Bail, and if there be Iwo] bouses tbc colour can be applied to one of them spirally. 
Light veaaels are coloured red. 

Of late years great attention has been gÍTOu lo the supplementing of light by sonnd 
in thiok weather. Where gims are fircd as fog signala they recnr erery 10 minutes, 
and iC has been found Ibat there is sometimes a penetrative poner io the flash of a gun 
trhiuh may be of eervtce to a maríner uncertain of bia nhereabonts ; bnt in most cásea 
the fog aignal is a hora or siien gÍTÍng blaaCB at short intervals. These eonods at times 
travel gieat distances, but are liable to be covered by the noises of the weather or the 
ahip, and should never be relicd upon for ninning on a hearing or at long ranges, wilh- 
out verj careful consideraliün uf ibe atiite of wind or weather, the qualifying eon- 
ditions of which are as yet bnt imperfectly undeistood. The eireos and homs in light 
véasele are blown agünst the wind, as are those at shore stationa when the irind Ü from 
scaward. 

At rock lighthouaea where the spnee doea not admit of a gun or siren, it Í9 boped 
that rocketa with gun-eotton beads may be brought tuto use. At preaeuE, at rock 
atations, the fog aígnal is a bell ; ond on board the floating lighta not jet fitteá iríth siren 
or hom, a gong. 

A light veasel alao uses giras by day, and gun» and rocketa by night, when yessels 
are íq diatress in her neighhourhood, or shc hersclf requires asaistonce; and if she 
breaka adrift or drags her moorings so &c as to be dangeroualy oat of position, her ball 
is Btruck by duy, and at night she shows red lights fore and aft and a red fiare evety 
qnarter of od hour. 

From light Vieseis plaoed near iatrioate nayigationa a.aingle gon ia fired, and ihe 
signal hoiated, when passiog véasela are leen to be standing ioto danger. 

The code of day sígnala in uae in tho seryice la the luteruational, in combiuation wilh 
two geometrical shapes, but Tceaela in the Koyal or Merohnjit Serrioe wishing to com- 
ió so by Ibe International Code. 



GENfiJlAL INSTHÜCTIONS TOTl THE 

The qneetion of (he best site for any propoaed iightliouse ifl liablE to be affeeted by 
«pecial concIhioDs too varied to admit of being safély fanunlnteil : but ia Greai Brítalu 
\be freqnenaj of fo^ on tbc high lands wben the tea eurface is comparatively bee 
pciint:- tu an cleíation aot much exi^eeding 100 feet, tbe range of vbiob in ulear neathec 
is abaat 14 miles ; nnd wbea len^ng; ligbts foi giiírinnce t]iraiig1i □urron' cbnonelB 
reqnire that two should be ¡o Une, the lawtr one abonld be aa far a? posaible in adTanoe 
of the upper, nnd there should be ftt leaat 6 feet in height betncün tbo high aod low 
light for evely inile of ilistance tbe tno are intended lo be used :it ; and m ftequenled 
cbannL'U, or «bcre there are town lights from which they bnTit to be picked out, it 
nonld be belter that tBíy shoold be occultÍD¡^, or quich-flashing. 

Ab reapectB manufacture and pnres, it nmy be said Chat of dioptric lenses Mesir^. 
Chance, Broa,, of lilrmingham, are the only makeni in Eogland, ind tbe admirable 
energy and matheuiatical skil! which they have applied lo thÍB oxcuedingly difficnlt 
specialily, have caaaed the Eider Brelhren to rely upon their tariff, ivhicb ia revised froia 
time to time, for the Corpoiatiou'ssupply; bu( dioptric apparatas cao alao be obtained 
from France through euch houBCE aa Mcssrfi. Wílklna & Co., and Iklessrs, Deville, nho 
alao, in comnion wilh Me<sr<<. Chance, conatruct lantema, Teflectom, and most of the 
gear oecesearj far lighthouse works. 

Tbe English lighthouse lantern is eylindrical, helically framed, with cnrved gtain offer- 
ing the minimnin af reflections on tbe inner surfece, and tbe nmiiraiim facüily for tbe 
tTaDsmÍBBÍODofligbt, 

The material of Ihe ligbthoiue will varj- with the product of tbe locality ; the impirt- 
aoce of a permanent ñre-proof strncture iinplics tbe unsuitalñlity of wood, but stoue, 
iroD, or even brieks, may al¡ be available. Wbere mineral oil ií used it should be of a 
bigb-flashing point. and should be kcpt away from ligfatiog atores and dry goods, and, if 
poaaible, in a sepárate building. 

The keeperH' dwellinge abo, thougb they nhonld be in covered communicatioa, are 
belter not io tbe etnictnre itaelf, on acconot of tbe ríak of fire nnd condonsalioo of 
moiatnre fW>m the lÍTing-nioius on the lantern glass. Wberc there ia no spríng ñor run- 
ning water the r(M)fa may be elated, or asphalted, and gnttered, tu condnet the rain- 
water into covered ciatems snnh in the gronnd, bnt care muat he taken that tbe rain 
catcb hm no lead, paint, DOr metallic ^ison iu it. Ligblning conductora on the prin- 
cipie of well-eatablishedconneiioiiB ofall metal- work ¡o the buildiog, with a free flow, 
ihrongh copper, of the electric fluid, and an unohstructeil delÍTcry well into ihe waler or 
carth, ahonld alvtaya be prorided. 

The light eHtabliehmeota are acceasible to vieitors, witbont ordeis, every day except 
Sunday, to within half'an-hoar of ligbtLng'np (snnEet). Night visitB are uot aliowed, on 
acconnt of diatraetioQ lo the keepers' dnliea, and possible obstruction of tbe light by 
viaitora in tbe lantern, but acientifie officers of the Roya! Seiricea ean nlways obtain 
Bpecial orderB by applieatíon ut heod quarters. 

The table presíously referred to, Ji l¡6t of preseol pricee, and the Byatem of buoyage in 
use by tbo Corporation, ore subjoined. 

1 have tbe bonour to lie. 



Tbc Hyilrographer of the Admirally, 
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Peesent Pbices (Febniary 1877.) 

Catoptríc. — ^21-iiich silvered reflector, with argand. lamps 

and cylinder - - - - about 21/. 

A light of 3 faces, 30 reflectors, and revolving 

apparatuB - - - - " „ 750/. 

Revolving or group-flashing (afloat), with 

lantem _ _ _ - - 

Dioptric. — Ist order, fixed with lamp - _ - 

do. revolving, with lamp 

do. group-flashing, with lamp - 

Ist order lantem - - . - 

Colza oil, per gallón - - - - - 35. Id. 

Parafin, do. ----- l*. Qd, 

Lightships caloric siren ----- 1,200¿ 

J^ote, — All these pnces are affected by special circomstanccs, and mnst be taken 
with reservation. 

Trinity House, London, 
15th February 1877. 



>» 


600/. 


» 


1,600/. to 1,800/. 


tt 


1,800/. to 2,400/. 


9> 


2,400/. to 2,800/. 


V 


1,300/. to 1,400/. 



Ststbm of BüOTAGE in Use by the Cobpobation of Trinity Hotjse, in Buoying New 
Channels, approved by the Admikalty and the Boabd of Tbade. 



Sida of channel. The side of the channel is to be considered starboard, or 

port, with reference to the entrance to any port firom sea- 
ward. 

Entrances to channels, The entrances of channels, or tuming points, shall be marked 
beacons,buoys. by spiral buoys with or without staff and globe, or triangle, 

cage, &c. 

Single-coloured buo^ to Single-coloured can buoys, either black or red, will mark the 
OT íhS5SvSd to^^rt!*^ starboard side, and buoys of the same shape and colour, either 

chequered or vertically striped with white, will mark the port 

Spiral buoys, with globos side; further distinction will be given when required by the 
on starboad, and with i. . i •. • ». • ■• ^ -i , , 

cages on port hand. use of spiral buoys, with or without staff and globe, or cage, 

globes being on the starboard hand, and cages on the port 

hand. 

Middle grounds in chan- Where a middle ground exists in a channel, each end of it 
witti^a^hu^íands of ''^ ^ marked by a buoy of the colour in use in that channel. 



white. Where of ^ch but with annular bands of white, and with or without staff and 

extent as to require _. _ . , , , . ,, 

its sides being buoyed, diamond or tnangle, as may be desirable : in case of its being 

íide^s^nSro^neíS o^ 8°<^^ «xtent as to require intermediate buoys, they will be 

port side of one chan- coloured as if on the sides of a channel. When required, the 

nel, and starboard side ^ , .„ , , , , ^ , ,. m *^ 

of the other respec- outer buoy will be marked by a staff and diamond, and the 

*^^®^' ixmer one by a staff and triangle. 

Wrecks. Wrecks will stíU continué to be marked by green nun buoys. 



HTDROGBAPHIC SURVEYORS OF THE ADMIBALTY, 47 



jReyulations for the Colouring of Buoys, 

As regards chequered buoys, each buoy, exclusive of the nozzle, is to be divided 
horizontálly into four, and vertically into eight equal parts ; but the white squares are 
then to be forther reduced by one inch all round being coloured either in red or black, 
as the case maj be. 

As regards vertically striped buoys, each buoy is to be divided into eight parts, and 
each división is to be altemately coloured red and white, or black and white, but the 
white stripes are to be one third narrower than the black or red. 

As regards buoys coloured in horizontal bands, each buoy is to be divided into fíve 
parts which are to be coloured red and white, or black and white, altemately, the white 
bands being one third narrower than the black or red. 
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